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STUDIES  ON  HOG  CHOLERA.* 

EXPERIMENTAL   HYPERIMMUNIZATION. 

Walter  E.  King  and  Robert  H.  Wilson. 

(From  the  Research  Laboratory,  Parke,   Davis  &  Co.,  Detroit,  Mich.) 

During  the  period  that  B.  clwlcrcc  siiis  was  accepted  as  the 
causative  factor  of  hog  cholera,  investigators  attempted  to 
attenuate  the  organism  sufficiently  to  produce  a  practical  vaccine. 
Chemicals,  heat,  and  various  other  methods  were  employed  for 
til  is  purpose,  but  the  results  obtained  with  these  vaccines  were 
not  entirely  satisfactory.  In  some  instances  they  protected  hogs 
inoculated  with  cultures  of  B.  clwlcrcc  suis^  but  in  the  field,  as  a 
rule,  failed  to  protect  against  natural  infection. 

When  it  became  known  that  the  specific  cause  of  cholera  was 
involved  in  the  so-called  "filterable  virus,"  attention  was  turned  to 
its  modification  for  preventive  inoculation.  Practically  all  of  the 
experimental  methods  used  in  the  attenuation  of  B.  clwlcrcc  suis 
have  been  unsuccessfully  applied  to  the  virus.  Numerous  experi- 
ments have  been  conducted  in  attempting  to  attenuate  the  virus 
by  heating.  Dorset  and  Niles^  have  worked  along  this  line  with 
negative  results.  Graham-  also  reports  unfavorable  results  with 
similar  experiments.  Peters"  claims  to  have  had  more  or  less 
success  with  serum  virus  heated  at  a  temperature  of  60°  C.  for 
one-half  hour.  He  has  inoculated  over  16,000  hogs  with  this 
attenuated  virus  and  reports  good  results  in  many  herds.  It  is 
the  consensus  of  opinion,  however,  that  this  method  of  attenua- 
tion is  not  reliable  for  field  use,  owing  to  the  difficulty  in  obtaining 
a  uniform  product,  and  the  fact  that  there  is  a  great  variation  in 
the  susceptibility  of  hogs  to  cholera. 

In  1908,  King*  published  results  from  the  attempted  attenua- 
tion of  hog  cholera  virus  by  passage  through  animals  of  other 


•Received    for   publication   October   1,    1912. 

'U.  S.  Live  Stock  Sanitary  Proceedings,  1911. 

^Amer.   Vet.   Rev.,   1912. 

^U.  S.  Live  Stock  Proceedings,  1911. 

*Bull.  Kansas  Exp.   Sta.,  1908,   No.  157. 

289 


290 

species,  particularly  the  horse.  He  concluded  that  the  virus 
undergoes  some  unexplainable  modification  resulting  in  an 
attenuation  after  several  hours'  residence  in  the  circulatory  sys- 
tem of  the  horse.  lie  noted  that  during  the  first  two  hours'  resi- 
dence the  virus  seemed  to  become  activated  in  some  manner. 
Tvpical  cases  of  acute  cholera  were  produced  in  normal  hogs  by 
the  injection  of  two  to  four  cubic  centimeters  of  serum  drawn 
from  a  horse  which  had  received  intravenously  a  quantity  of  hog 
cholera  virus  two  hours  previously.  Serum  drawn  at  a  later 
period  than  this  seemed  to  be  less  virulent,  the  virulence  decreas- 
ing in  proportion  to  the  length  of  time  elapsing  after  the  horse 
had  received  the  cholera  \  irus. 

In  1!)10,  we^  attempted  to  determine  whether  or  not  "horse 
serum  virus"  (serum  drawn  from  a  horse  within  two  hours  after 
the  injection  of  hog  cholera  virus)  represents  a  mere  dilution  of 
the  infectious  agent.  Tests  were  made  to  determine  this  point 
by  preparing  corresponding  dilutions  of  the  same  strains  of  virus 
in  normal  horse  blood  in  vitro  and  also  in  sterile  physiologic  salt 
solution.  The  proportionate  dilutions  were  made  by  weighing 
the  horse  and  taking  one-fifteenth  of  the  body  weight  as  repre- 
senting the  total  amount  of  blood  in  the  animal.  These  dilutions 
were  then  kept  at  body  temperature  for  the  same  jjcriod  of  time 
as  that  of  the  residence  of  the  cholera  \irus  in  the  circulatory 
system  of  the  horse.  The  \irulence  of  each  dilution  was  tested 
b}'  the  injection  of  normal  hogs  kv\)[  in  separate,  well  isolated 
pens.  As  noted,  the  serum  drawn  from  the  horse  within  two 
hours  after  injection  with  virus  produced  cases  of  acute  cholera 
with  an  a\erage  incubation  period  of  seven  days,  and  an  a\erage 
duration  (jf  the  disease  of  15  days.  With  the  same  lot  of  virus  in 
proi)orli(jnate  dilution  in  normal  horse  blood  and  jjhysiologic  salt 
solution  iyi  vitro,  fewer  cases  of  thokra  wire  produced  and  those 
which  did  develop  had  a  longer  a\erage  incubation  period,  and 
were  UKjrc  chronic  in  nature.  These  results  indicated  that  i)orse 
scrum  virus  does  not  represent  a  mere  dihuioii  of  (.-holera  virus. 


>Ibid.,  1910,  No.   171. 
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HYPERIMMUNIZATION  WITH  HORSE  SERUM  MRUS. 

I.     EXPERIMENTAL. 

The  fact  that  serum  drawn  from  a  horse  one  or  two  hours 
after  it  receives  an  intravenous  injection  of  approximately  150  Cc. 
of  cholera  virus,  is  capable  of  producing  acute  cholera  when 
injected  in  small  doses  into  normal  hogs,  suggested  the  possibility 
of  substituting  horse  serum  virus  for  hog  scrum  virus  in  the 
production  of  Dorset-Niles  hyperimmune  serum.  Assuming  that 
a  reliable,  potent  serum  could  be  produced  by  this  modified 
method  certain  advantages  would  follow : 

The  cost  of  production  would  be  less  than  that  involved  in  the 
present  method.  The  serum  from  one  horse  could  l^e  substituted 
for  the  blood  from  a  large  number  of  hogs.  This  would  result, 
not  only  in  greater  economy,  but  in  greater  convenience  and  in 
better  regulated  manipulations  in  serum  production.  Further- 
more, more  adequate  precautions  against  contamination  could  be 
exercised. 

We  have  published  the  results  of  some  preliminary  experi- 
ments relative  to  hyperimmunization  wath  horse  serum  virus. 
These  results  were  fairly  uniform  in  character  and  indicated  that 
the  procedure  warranted  further  experimentation.  During  the 
past  two  years  the  following  data  have  been  collected  on  this  sub- 
ject. 

The  virus  used  in  the  injection  of  the  horses  was  in  every 
instance  secured  from  cases  of  acute  cholera  in  which  the  symp- 
toms and  lesions  were  characteristic.  The  moribund  hogs  were 
bled  from  the  carotid  artery  under  aseptic  conditions.  The  recep- 
tacle containing  the  blood  was  placed  in  a  refrigerator  for  10  or 
12  hours  to  allow  the  coagulum  to  harden  and  contract.  The 
serum  was  then  poured  into  sterile  flasks  which  were  placed  in 
the  refrigerator  pending  the  time  of  injection. 

The  horses  used  in  the  work,  three  in  number,  weighed 
approximately  1100  pounds  each.  They  were  each  about  nine 
years  old  and  constitutionally  sound.  Each  was  injected  and  bled 
four  times.  The  amount  of  hog  cholera  serum  injected  into  the 
horses  at  a  given  time  varied  from  100  to  150  Cc.  The  injections, 
in  practically  every  case,  were  followed  by  severe  reactions, 
beginning  five  or  ten  minutes  after  the  horse  had  received  the 
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virus.  The  chief  characteristics  of  these  reactions  were  increased 
respiratory  and  cardiac  movements,  stimulation  of  nearly  all  the 
body  secretions,  and  marked  general  depression.  The  first  symp- 
toms usually  disappeared  in  one  hour,  lca\  ing  the  horse  more  or 
less  exhausted  for  a  day  or  two.  An  important  feature  noted  in 
connection  with  the  injection  was  that  the  reactions  were  usually 
more  pronounced  after  the  first  injection.  A  horse  may  be 
repeatedly  treated  with  hog  cholera  virus  intravenously  for  an 
indefinite  period,  as  the  three  animals  used  in  this  work  are  at 
present  alive  and  in  good  condition.  The  bleedings  were  made 
one-half  to  three-quarters  of  an  hour  after  injection,  experience 


TABLE  I. 
VreuLENCY  Tests  of  Horse  Serum. 


Hog 

Weight 

Date 

Amount 
Serum 

Horse 

Results 

I7S 

46 

9/23 

4  c.c. 

1,313 

Symptoms  after  3  days; 
died  after  15  days 

Typical  lesions 

196 . 

55 

ii/ts 

4    "  ' 

1.313 

Symptoms  after  5  days; 
died  after  19  days 

Typical  lesions 

250 

SS 

2/2S 

4    " 

1,422 

Symptoms  after  8  days; 
died  after  30  days 

Typical  lesions 

251 

48 

2/28 

4    " 

1,422 

Symptoms  after  10  days; 
died  after  27  days 

Typical  lesions 

278 

60 

4/22 

4    " 

1.423 

Symptoms  after  6  days; 
died  after  20  days 

Typical  lesions 

279 

S6 

4/22 

4     " 

1,422 

Symptoms  after  3  days; 
died  after  13  days 

Typical  lesions 

292 

80 

S/17 

4     " 

1.423 

Symptoms  after  5  days; 
died  after  14  days 

Typical  lesions 

293 

80 

S/20 

4     " 

1.314 

Symptoms  after  7  days; 
died  after  14  days 

Typical  lesions 

S94 

7S 

5/^2 

4     " 

1.314 

Symptoms  after  5  days; 
died  aftfr  15  days 

Typical  lesions 

29S 

93 

S/29 

4     " 

1,422 

No  reaction 

(Natural 
immune?) 

297 

9S 

6/9 

4     " 

1,422 

Symptoms  after  s  days; 
died  after  12  days 

Typical  lesions 

301 

48 

6/26 

4     " 

1.423 

Symptoms  after  4  days; 
died  after  22  days 

Typical  lesions 

334 

40 

12/4 

4     " 

1,422 

Symi)toms  after  12  days; 
died  after  22  days 

Typical  lesions 

348 

SO 

11/8 

4     " 

1,422 

Symptoms  after  6  days; 
died  after  27  days 

Typical  lesions 

showing  that  serum  drawn  from  the  horse  at  this  time  is  more 
virulent  than  that  drawn  at  an  earlier  or  later  period.  A  specially 
devised  apparatus  which  defibrinates  the  blood  as  it  is  drawn  was 
used  in  bleeding.  About  six  liters  of  dcfibrinatcd  blood  were 
obtained  at  each  bleeding. 

The  lujrse  serum  \  irus  was  tested  for  virulcncy  before  being 
uscfl  ff)r  experimental  hyperimmunization.  One  or  more  normal 
hogs  were  injected,  sulicutaneously,  each  with  four  cubic  centi- 
meters of  the  serum  froin  the  horse  nndtr  lest.     Tluse  test  hogs 


were  kept  in  well  isolated  pens  and  every  precaution  was  observed 
to  guard  against  extraneous  infection.  Table  I  shows  the  results 
of  these  tests.  It  will  be  noted  that  of  the  14  cases  reported  in 
the  table  only  one  failed  to  contract  cholera  from  the  horse  serum 
virus.  Three  or  four  of  the  animals  developed  chronic  cases,  but 
all  succumbed  to  the  disease,  showing  typical  lesions.  The  average 
incubation  period  was  6.3  days  and  the  average  duration  of  the 
disease  20  days. 

Thirteen  immune  hogs  received  injections  of  horse  serum 
virus  for  the  purpose  of  experimental  hyperimmunization.  The 
technique  employed  in  the  injecting,  bleeding,  and  handling  of  the 
serum  varied  but  little  from  tliat  in  use  at  most  of  the  hog  cholera 
serum  laboratories.  The  intraperitoneal  method  of  injection  was 
used  in  practically  all  cases.  One-half  of  one  per  cent  carbolic 
acid  was  added  to  the  detil)rinated  blood  as  a  preservative.  Table 
2  gives  the  number  of  experimental  hyperimmune  hogs,  their 
weight,  method  of  injection,  amount  of  defibrinated  blood 
injected,  and  the  numl)er  of  bleedings. 


TABLE  2. 
Experimental  Hyperimmunes. 


Hog 

Weight 

First  Injection 

Injection 
Amount 

Bleedings 

second  Injection    ^|„ection 

Bleedings 

173 

174   

177 

217 

221 

2S4 

2SS. 

272^    . . . 

288 

289 

290 

291 

296 

200 

I7S 
230 
S8 
300 
200 
190 
140 
190 
196 
i8s 
190 
100 

Intraperitoneally 
and  intrave- 
nously 

Intraperitoneally 

1,700  c.c 
900   " 
1,600   " 
1,400   " 
2,400   " 
2,000   " 
1,800  " 
1,460   " 
1,800   " 
2,000   " 
1,800   " 
1,800   " 
900   " 

8 
8 
8 

3 

10 

Died 
Died 

10 

Intraperitoneally 
Intraperitoneally 

Intraperitoneally 

1,600  c.c. 

1,800  c.c. 

800  " 
2,200  " 
1,000  " 

900  " 

900  c.c. 
1,200  c.c. 

4 

3 
7 
II 
13 
14 

II 
IS 

Hypcriniuiunc  //j. — A  Poland  China,  wciglit  200  pounds,  immunized 
by  the  injection  of  70  Cc.  hyperimmune  serum  (Alich.  Agr.  College)  and  2 
Cc.  of  virus  on  September  13,  1910.  Fourteen  days  later  it  was  injected 
with  1700  Cc.  of  ^-hour  horse  serum  from  horse  1314.  Of  this  amount, 
520  Cc.  were  given  intravenously  and  the  remainder  intraperitoneal!}'.  The 
hog  experienced  considerable  difficulty  in  breathing  and  was  otherwise 
depressed  for  a  few  hours  after  receiving  the  serum.  The  first  bleeding 
was  made  on  October  20,  ^\l^en  400  Cc.  of  serum  was  obtained.  The 
bleedings  were  continued  at  intervals  of  a  week  until  eight  bleedings  had 
been  made.    As  the  serum  from  these  various  bleedings  did  not  protect  the 
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test  hogs  against  cholera,  it  was  deemed  advisable  to  give  the  hog  another 
injection  of  the  horse  serum  virus  to  determine  whether  this  would  in- 
crease the  potency  of  its  serum.  This  second  injection  consisted  of  1600 
Cc.  of  horse  serum  virus  given  intraperitoncallv  on  Fcbruarv  16,  1911.  The 
next  tail  bleeding  was  made  on  March  21,  followed  bv  three  others  at 
intervals  of  one  week.    The  hog  was  bled  to  death  on  April  19,  1800  Cc 


T.\KLE  3- 
Potency  Tests  of  Serum  from  Hog  173. 


Bleeding 

Hog 

Weight 

Date 

Material 
Injected 

Results 

ist 

183 

56 

10/20 

25  cc.  serum  + 
2  cc.  virus 

Symptoms  after  ii  days; 
died  after  32  days 

Cholera  lesions 
not  pron'ced 

184 

S9 

10/20 

35  cc  serum  + 
2  cc  virus 

Symjitoms  after  11  days; 
died  after  23  days 

Fair  cholera 
lesions 

i8s 

SI 

10/20 

2  cc   virus 

Symptoms  after  5  days; 
died  after  13  days 

Typical  lesions 

ad 

191 

52 

10/27 

25  CO.  serum + 
2  cc.  virus 

Symptoms  after  18  days; 
died  after  21  days 

Typical  lesions 

3d 

191 

S8 

10/27 

35  cc.  serum  + 
2  cc.  virus 

Symptoms  after  7  days; 
died  after  17  days 

Typical  lesions 

192 

S3 

10/27 

3S  cc.  serum  + 
2  cc.  virus 

Sym|>toms  after  10  days; 
died  after  i«  days 

Typical  lesions 

103 

6s 

10/27 

2  cc.  virus 

Symptoms  after  4  days; 
died  after  8  days 

Typical  lesions 

4th 

lOS 

53 

11/14 

25  cc.  serum  + 
2  cc  virus 

Remained  well 

210 

50 

11/14 

4.6  gm.  dried 
scrum  +  2  cc. 
virus 

Symptoms  after  7  days; 
died  after  19  days 

Typical  lesions 

211 

55 

11/14 

6.4  gm.  dried 
serum  +  2  cc 
virus 

Symptoms  after  7  days; 
died  after  21  days 

Typical  lesions 

212 

46 

11/14 

2  cc  virus 

Symptoms  after  6  days; 
died  after  8  days 

Typical  lesions 

ilk 

228 

31 

1/2S 

2S  cc  scrum  + 
1 .5  cc  virus 

Symptoms  after  12  days; 
died  after  18  days 

Typical  lesions 

229 

40 

1/25 

35  cc  serum  + 
1 .5  cc  virus 

Symptoms  after  11  days; 
died  after  ib  days 

Typical  lesions 

230 

33 

1/25 

1   s  cc.  virus 

Symptoms  after  6  days; 
died  after  11  days 

Typical  lesions 

7th 

23S 

50 

2/3 

35  cc  scrum  -f 
2  c  c.  virus 

Symptoms  after  9  days; 
died  after  18  days 

Typical  lesions 

236 

34 

2/3 

25  cc.  serum  + 
2  cc  virus 

Symptoms  after  0  days; 
died  after  i  2  days 

Typical  lesions 

^ii 

38 

2/3 

2  cc.  virus 

Symptoms  after  5  days; 
died  after  18  days 

Typical  lesions 

8th 

2)7 

40 

2/22 

25  cc.  serum  + 
2  cc.  virus 

Symptoms  after  4  days; 
died  after  23  days 

Fair  lesions 

1st  after 
2d  in- 
jection 

2S6 

so 

3/21 

50  cc.  serum  + 

Remained  well 

2  cc.  virus 

257 

50 

3/21 

40  cc  serum  + 

Died  after  19  days 

Not  cholera 

horse 

2  cc.  virus 

serum 

2S9 

48 

3/21 

2  cc  virus 

Symptoms  after  5  days; 
died  after  9  days 

Fair  lesions 

J'l 

271 

100 

4/10 

40  c  c.  serum  -f 
2  cc  virus 

Remained  well 

273 

40 

4/10 

2  t.c.  virus 

Symptoms  after  6  days; 
died  after  15  days 

Typical  lesion:.' 

Slaughter   . 

283 

90 

4/28 

40  cc  scrum  + 
2  cc  virus 

Remained  well 

284 

88 

4/28 

30  c  c.  scrum  + 
2  cc.  virus 

Symptoms  after  i  2  days; 
flieil  after  10  days 

Fair  lesions 

286 

67 

4/28 

2  cc.  virus 

Symptoms  after  7  ilays; 
dieil  after  1 1  days 

Typical  lesions 

295 

of  blood  being  obtained.  Postmortem  examination  of  the  hog  revealed  no 
pathological  conditions  resulting  from  the  injection  of  horse  serum  virus. 

The  serum  from  hog  173  in  most  instances  failed  to  protect  the  test 
hogs  from  cholera.  It  will  l)c  noted,  however,  that  the  incubation  period 
and  duration  of  the  disease  were  considerably  longer  in  the  serum  test 
hogs  than  in  the  controls,  indicating  that  a  slight  resistance  to  cholera  re- 
sulted from  the  injection  of  the  serum. 

HypcriniDiunc  J/f. — Yorkshire  sow,  weight  175  pounds.  Immunized 
by  the  injection  of  70  Co.  hyperimmune  serum  (Mich.  Agric.  College)  and 
2  Cc.  of  cholera  virus.     Two  weeks  later  injected  intraperitoneally  with 


TABLE  4- 
Potency  Tests  of  Serum  from  174. 


Bleeding 

Hog 

Weight 

Date 

Material 
Injected 

Results 

1st 

180 
i8i 

S8 
65 

10/19 
10/19 

25  cc.  serum  + 

2  cc.  virus 
35  cc.  serum  + 

Symptoms  after  7  days; 

died  after  17  days 
Remained  well 

Typical  lesions 

182 

62 

10/19 

2  cc  virus 
2  cc.  virus 

Symptoms  after  10  days; 
died  after  20  days 

Typical  lesions 

2d 

187 
18S 
189 

8S 
62 
65 

10/26 
10/26 
io/26 

40  cc.  serum  + 
2  cc  virus 

30  cc  serum  + 
2  cc.  virus 

2  cc.  virus 

Symptoms  after  20  days; 

died  after  25  days 
Symptoms  after  19  days; 

died  after  24  days 
Symptoms  after  5  days; 

died  after  5  days 

Typical  lesions 
Fair  lesions 
Typical  lesions 

3d 

204 

45 

12/19 

25  cc  serum  + 
2  cc.  virus 

Remained  well 

4th 

205 

S8 

12/19 

25  cc.  serum  + 
2  cc  virus 

Remained  well 

Sth 

214 

50 

1/12 

25  cc  serum  + 

Remained  well 

215 

54 

1/12 

2  cc  virus 
35  cc  serum  + 

Remained  well. 

216 

49 

1/12 

2  cc  virus 
2  cc  virus 

Symptoms  after  6  days; 
died  after  14  days 

Typical  lesions 

«th 

222 

75 

1/24 

40  cc.  serum  + 

Remained  well 

223 

58 

1/24 

2  cc.  virus 
25  cc  serum  + 

Remained  well 

224 

56 

1/24 

2  cc.  virus 
2  cc.  virus 

Symptoms  after  7  days; 
died  after  12  days 

Typical  lesions 

7th 

237 

45 

2/8 

25  cc  serum  -\- 

Remained  well 

23S 

59 

2/8 

2  cc  virus 
30  cc.  serum  + 

Remained  well 

239 

288 

48 
190 

2/8 
5/6 

2  cc  virus 
2  cc.  virus 

75  cc.  serum  + 

Symptoms  after  6  days; 

died  after  13  days 
Remained  well 

Typical  lesions 

289 

196 

5/6 

2  cc  virus 
75  cc  serum  + 

Remained  well 

Slaughter  . . 

290 

185 

5/12 

2  cc  \fvrus 
75  cc  serum  + 

Remained  well 

291 

190 

5/12 

2  cc  virus 
75  cc  serum  + 

Remained  well 

286 

68 

4/28 

2  cc  virus 
2  cc  virus 

Symptoms  after  7  days; 
died  after  11  days 

Typical  lesions 

•850  Cc.  of  -J^-hour  horse  serum  virus.  A  slight  reaction  followed  the 
injection  as  evidenced  by  anorexia  and  listlessness  lasting  a  day.  First 
bleeding  on  October  19,  22  days  after  receiving  the  horse  scrum.  Eight 
bleedings  made  at  intervals  of  a  week. 
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With  the  exception  of  the  first  two  bleedings,  the  senim  from  hog  174 
afforded  ample  protection  to  the  test  hogs. 

Hypcrimiimne  177. — A  Poland  China,  weight  230  pounds,  received 
immunizing  treatment  October  4,  consisting  of  55  Cc.  of  hyperimmune 
serum  (Mich.  Agric.  College)  and  2  Cc.  of  virus.  Twenty-seven  days 
later  was  given  intraperitoncally  1600  Cc.  of  ^^-hour  horse  serum  virus. 
First  bleeding  made  November  8.  The  serum  from  the  first  eight  bleedings 
did  not  prove  to  be  sufficiently  potent  for  practical  purposes,  and  the  hog 
was  given  a  second  injection  of  horse  serum  February  21,  consisting  of 
1600  Cc.  of  serum.  Bleedings  resumed  one  montli  later.  Slaughter 
bleeding  April  26. 


TABLE  s- 
Potency  Tests  of  Seeitm  from  177. 


Bleeding 

Hog 

Weight 

Date 

Material 
Injected 

Results 

1st 

19+ 

SS 

11/9 

25  cc.  serum  -f- 
2  cc.  virus 

Symptoms  after  7  days; 
died  after  21  days 

Slight  lesions 

ad 

197 

49 

11/16 

2S  cc  serum  + 
2  cc  virus 

Symptoms  after  7  days; 
died  after  19  days 

Typical  lesions 

3d 

207 

46 

12/23 

25  cc  serum  + 

Remained  well 

208 
209 

SI 
43 

12/23 
12/23 

2  cc  virus 
35  cc.  serum  + 

2  cc.  virus 
2  cc  virus 

Symptoms  after  8  days; 

died  after  22  days 
Symptoms  after  7  days; 

died  after  17  days 

Fair  lesions 
Typical  lesions 

5th 

217 

J8 

1/16 

35  cc.  serum  -f 

Remained  well 

218 

SO 

1/16 

2  cc  virus 
25  cc  serum  + 

Remained  well 

219 

SI 

1/16 

2  cc  virus 
2  cc  virus 

Symptoms  after  5  days; 
died  after  10  days 

Typical  lesions 

6th 

225 
226 

SS 

1/24 
1/24 

25  cc  serum  + 

2  cc  virus 
35  cc  serum  + 

Symptoms  after  11  days; 

died  after  23  days 
Remained  well 

Typical  lesions 

227 

38 

1/24 

2  cc.  virus 
IS  cc.  virus 

Symptoms  after  s  days; 
died  after  9  days 

Typical  lesions 

7lh 

232 

2J3 

234 

SO 
44 
4S 

2/3 
2/3 
2/3 

35  cc.  serum  -f 
2  cc.  virus 

25  cc.  serum  -f 
2  cc  virus 

2  cc.  virus 

Symptoms  after  13  days; 

died  after  21  days 
Symptoms  after  16  days; 

died  after  21  days 
Symptoms  after  s  days; 

died  after  18  days 

Lesions  not 
pronounced 

Lesions  not 
pronounced 

Typical  lesions 

ist  after 
2d  in- 
jection 
horse 

258 
259 

45 

38 

3/21 
3/21 

25  cc.  serum  -j- 

2  cc.  virus 
2  cc.  virus 

Symptoms  after  24  days; 

died  after  34  days 
Symptoms  after  5  days; 

died  after  9  days 

Typical  lesions 
Typical  lesions 

serum 
2d 

272 

64 

4/10 

30  cc  serum  -)- 
2  cc.  virus 

Symptoms  after  10  days; 
died  after  28  days 

Typical  lesions 

Slaughter, . 

»8s 
386 

52 
8S 

4/28 
4/28 

30  cc.  serum  + 

2  cc  virus 
40  cc  serum  -f 

Remained  well 
Remained  well 

287 

67 

4/28 

2  cc  virus 
2  cc.  virus 

Symptoms  after  8  days; 
died  after  12  days 

Typical  lesions 

Tliesc  cx]»cTinunts  indicate  tiiat  the  serum  from  177  was  lacking  in 
protective  properties.  The  second  injection  of  horse  serum  apparently 
failed   to   increase  the   potency   to   any    extent. 

Jfypcriimniinc  J17. — Yorkshire,  weight  5X  pounds,  imminiized  January 
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16,  with  35  Cc.  of  hyperimmune  serum  (175,  5th  bleeding)  and  2  Cc.  virus. 
On  May  3,  received  1400  Cc.  of  ^4-iiour  horse  serum  and  800  Cc.  one  month 
later,  no  bleedings  intervening.  The  first  bleeding  was  made  July  3,  and 
bleedings  continued  weekly  until  September  1,  when  the  hog  was  killed. 


TABLE  6. 
Potency  Tests  of  Serum  from  217. 


Bleeding 


Time  After 
Injection 


Hog 

Weight 

321 

55 

322 

4S 

323 

42 

Material 
Injected 


3.4.  S.  6,  7, 
slaughter. 


40,47,54,61 
68  days. . 


3S  cc.  scrum  + 
2  CO.  virus 

25  cc.  serum  + 
2  cc.  virus 

2  cc.  virus 


Remained  well 

Remained  well 

Symptoms  after  5  days; 
died  after  i8  days 


Typical 
lesions 


The  blood  from  all  the  bleedings  of  217  was  combined  and  tested 
collectively,  with  the  result  that  both  hogs  which  received  treatment  were 
sufficiently  protected,  while  the  control   succumbed  to  the  disease. 

HypcriiiiDiiiiic  221. — Poland  China,  weight  250  pounds.  Immunized 
January  23,  with  75  Cc.  serum  (174,  3d  bleeding),  and  2  Cc.  virus.  On 
Februar}-  4,  was  injected  intraperitoneally  with  2600  Cc.  of  Y^-houv  horse 


TABLE  7- 
Potency  Tests  of  Serum  from  221. 


Bleeding 

Time  after 
Injection 

Hog 

Weight 

Material 
Injected 

Results 

ist 

33  days   . . 

253 

35 

25  cc.  serum  + 
2  cc  virus 

2d 

43  days 

259 

58 

40  cc.  serum  + 
2  cc  virus 

Symptoms  after  12  days; 
died  after  23  days 

260 

40 

30  cc.  serum  + 
2  cc  virus 

Symptoms  after  11  days; 
died  after  20  days 

Typical 
lesions 

261 

36 

2  cc  virus 

Symptoms  after  5  days; 
died  after  9  days 

Fair  lesions 

3d 

266 

75 

40  cc.  serum  + 
2  cc.  virus 

Symptoms  after  14  days; 
died  after  35  days 

Typical 
lesions 

267 

S5 

30  cc.  serum  + 
2  cc  virus 

Symptoms  after  10  days; 
died  after  30  days 

Fair  lesions 

268 

70 

2  cc  virus 

Symptoms  after  6  days; 
died  after  13  days 

Typical 
lesions 

1st  after  2d 

injection. . 

30  days 

296 

99 

40  cc  serum  + 
2  cc  virus 

Remained  well 

Sth 

62  days 

30s 

42 

40  cc.  serum  + 
2  cc  virus 

Remained  well 

306 

39 

30  CO.  serum  + 
2  cc.  virus 

Symptoms  after  7  days; 
died  after  26  days 

Fair  lesions 

307 

39 

2  cc.  virus 

Symptoms  after  6  days; 
died  after  19  days 

Typical 
lesions 

6th 

67  days 

308 

135 

40  cc.  serum  + 
2  cc.  virus 

Remained  well 

7,  8,  9,  10, 

slaughter. . 

74,81.88,95 

314 

I2S 

40  cc.  serum  + 
2  cc.  virus 

Remained  well 

315 

SO 

30  cc  serum  + 
2  cc  virus 

Remained  well 

317 

125. 

2  c  c.  virus 

Severe  reaction,  recov- 
ered 
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serum.  The  first  bleeding  ^vas  made  a  month  later,  followed  by  two 
others  at  intervals  of  a  week.  A  second  injection  of  ^}i-houT  horse  scrum 
was  .civcn  April  22,  consisting  of  2200  Cc.  Bleedings  were  resumed  one 
month  later  and  continued  weekly  for  11  weeks. 

The  potency  tests  showed  that  the  serum  from  the  first  three  bleedings 
from  221  w  as  lacking  in  protective  properties.  That  the  test  hogs  received 
a  degree  of  immunity  is  evidenced  by  the  fact  that  tlie  incubation  period 
and  duration  of  the  disease  were  more  prolonged  than  was  the  case  with 
the  controls  in  the  same  tests.  The  second  injection  of  horse  scrum 
stimulated  the  formation  of  additional  antisubstances.  It  will  be  noted 
that  the  blood  from  the  seventh  to  slaughter  bleedings  was  mixed  and  a 
composite  test  made,  owing  to  the  shortage  of  hogs  at  the  time. 


T.\BLE  8. 
Potency  Tests  of  Seriim  from  254. 


Bleeding 

Time  after 
Injection 

Hog 

Weight 

Material 
Injected 

Results 

sd 

30  days 

298 

77 

40  cc.  serum  -f- 

Symptoms  after  12  days; 

Typical 

2  cc.  virus 

died  after  22  days 

lesions 

299 

64 

2S  cc  serum  + 
2  cc  virus 

Symptoms  after  13  days; 
died  after  22  days 

Typical 
lesions 

300 

60 

2  cc  virus 

Symptoms  after  8  days; 
died  after  22  days 

Typical 
lesions 

3d 

44  days 

309 

56 

40  cc  scrum  + 

Symptoms  after  8  days; 

Typical 

2  cc.  virus 

died  after  17  days 

lesions 

310 

S8 

30  cc  scrum  + 
2  cc  virus 

Symptoms  after  S  days; 
died  after  14  days 

Lesions  not 
pron'ced 

313 

46 

2  cc  virus 

Symptoms  after  s  days 
died  after  12  days 

Less  pro- 
nounced 

4.5,6.7.8,9 

51.58,65 
72,  77.84 

319 

47 

35  cc.  serum  + 
2  cc  virus 

Remained  well 

320 

37 

25  cc  serum  + 
2  cc  virus 

Remained  well 

322 

45 

2  cc.  virus 

Symptoms  after  s  days; 
died  after  12  days 

Lesions  not 
pron'ced 

10,  II,  I},    / 

91,  gS,  105, 

329 

6S 

40  cc  serum  + 

Remained  well 

13.  14.      f 

112,  119 

2  cc  virus 

slaughter ) 

33Q 

62 

30  cc  scrum  + 
2  cc.  virus 

Remained  well 

3i3 

6s 

2  cc  virus 

Symptoms  after  6  days; 
died  after  9  days 

Typical 
lesions 

1 1  yf'i  liiiiinimc  .'i/. — "N'orkshirc  sow,  weight  20i)  poiuids.  Received 
innnuniziiig  ire.itmcnt  March  17,  con'>istiug  of  75  ("c.  serum  (hog  174,  5th 
bUtding)  and  2  Cc.  virus.  On  .\i)ril  12  received  intr;ii)erit(iiual!y  ISOO 
(  c.  of  ':i-ii<)ur  horse  serum  and  ''00  (.'c.  May  If).  No  ill  effects  followed 
these  tre;itmeiits  other  than  a  slight  soreness,  which  soon  p.issed  off.  The 
first  bleeding  was  made  one  month  after  the  second  injection  of  horse 
scrum.     The  liog  was  bled  15  times,  and  slaughtered  Sei)tember  21. 

The  first  three  Ideedings  yielded  a  senmi  which  did  not  afford  pro- 
tection ag.'iiii><t  cholera.  Serimi  from  the  Liter  blii-diugs  was  sunicicntlv 
potent  to  imminii/e  the  test  hogs. 

Ilyl^criiinuuuc  .'.s.r  ^'^|^kshire,  weight  1''0  ])onn(ls.  Imtnuni/ed  May 
17,  with  75  Cc.  serum  (lu)g  17-4,  5th  bleediuK)  and  2  Cc.  virus.  On  .\pril 
12  and  May  K>,  injected  with  l.^'(K)  Cc.  ;in(l  VOO  Cc,  respectively,  of  •>.»- 
bfiur  horse  sirtun.  No  pronoiuiced  relictions  were  c;uis(d  b\  these  injec- 
tions,    iileeding  commenced   one  mnMiIi  afirr  scioud   injection. 
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TABLE  Q. 
Potency  Tests  op  Serum  fkou  255. 


Bleeding 

Time  after 
Injection 

Hog 

Weight 

Material 
Injected 

Results 

2d 

30  days 

302 

75 

40  c.c.  serum  + 
2  c.c.  virus 

303 

30 

30  c.c.  serum  + 
2  c.c.  virus 

Symptoms  after  8  days; 
diedafter  28  days 

Lesions  not 
pron'ced 

304 

64 

2  c.c.  virus 

Symptoms  after  8  days; 
died  after  18  days 

Typical 
lesions 

^d 

46  days 

311 

62 

40  c.c.  serum  + 
2  c.c.  virus 

Symptoms  after  10  days; 
died  after  21  days 

Typical 
lesions 

312 

S8 

30  c.c.  serum  + 
2  c.c.  virus 

Symptoms  after  10  days; 
died  after  19  days 

Typical 
lesions 

313 

46 

2  c.c.  virus 

Symptoms  after  6  days; 
died  after  13  days 

Lesions  not 
pron'ced 

4,6,7 

S3,  67,  74 

316 

Z20 

45  c.c.  serum  + 
2  c.c.  virus 

Remained  well 

317 

130 

45  c.c.  serum  + 
2  c.c.  virus 

Remained  well 

318 

I2S 

2  c.c.  virus 

Severe  reaction,  re- 
covered 

S  to  IS 

60,07,74,82, 
89,96,103 

331 

62 

40  c.c.  serum  + 
2  c.c.  virus 

Remained  well 

332 

ss 

30  c.c.  serum  + 
2  c.c.  virus 

Remained  well 

333 

6s 

2  c.c.  virus 

Symptoms  after  6  days; 
died  after  9  days 

Typical 
lesions 

Hyperimmune  27?A.—\  Poland  China  stag,  weight  146  pounds.  Vac- 
cinated April  10,  with  40  Cc.  hyperimmune  serum  and"2  Cc.  virus  (  hog  177. 
3d  bleeding).  Received  but  one  injection  of  horse  senim  (1500  Co.), 
this  being  May  29.     Was  not  bled  until  three  months  later. 


T.ABLE  10. 
PoTEKCY  Tests  of  Serum  from  272^ 


Bleeding 


Time  after 
Injection 


Hog 


Weight 


Material 
Injected 


Results 


J  to  10 '  ist,  63  days,!     339 

j      others 
weekly 


40  c.c.  serum  -|- 
2  c.c.  virus 

30  c.c.  serum  -i- 
2  c.c.  \'irus 

2  c.c.  \Trus 


Remained  well 
Remained  well 


Symptoms  after  6  days;    Typical 
died  after  16  days  lesions 


This  experiment  shows  that  the  various  lots  of  senim  from  272.\, 
tested  collectively,  protected  hops  from  the  virus.  This  animal  received 
but  one  treatment  of  horse  serum  and  was  not  bled  until  three  months  later, 
suggesting  that  considerable  time  must  elapse  between  the  injection  of 
horse  serum  and  the  first  bleeding  in  order  to  obtain  a  more  potent  serum. 

Hyperimmune  288. — Yorkshire  sow,  weight  190  pounds.  Immunized 
to  cholera  May  6.  with  75  Cc.  serum  (hog  174.  6tli  bleeding)  and  2  Cc. 
virus.  Injected  twice  with  ^-hour  horse  serum  May  20,  1800  Cc,  and 
June  22.  900  Cc    Bleedings  started  one  month  later. 

Hyperimmune  2(^i. — Poland  China,  weight  190  pounds.  Immunized 
May  12,  with  75  Cc.  serum  (hog  221,  4th  bleeding)  and  2  Cc.  virus.     In- 
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TABLE  II. 
Potency  Tests  op  Serum  from  288. 

Bleeding 

Time  after 
Injection 

Hog 

Weight 

Material 
Injected 

Results 

z  to  II 

ist,  34  days 

Others 
weekly 

337 
338 

341 

72 

58 

40  d.c.  serum  + 
2  c.c.  virus 

30  c.c.  serum  + 
2  c.c.  virus 

2  c.c.  virus 

Remained  well 

Symptoms  after  6  days; 

died  after  16  days 
Symptoms  after  6  days; 

died  after  16  days 

Typical 
lesions 

Typical 
lesions 

jected  May  31,  with  1800  Cc.  of  ^^-horse  serum  and  again  June  30  with 
1200  Cc.  Xo  reaction  followed  these  injections.  Bleedings  started  July 
29,  and  continued  at  intervals  of  a  week. 


TABLE  12. 
Potency  Tests  of  Seritm  from  291. 


Bleeding 


I  to  7. 


Time  after 
Injection 


30  days 


Weekly 
intervals 


Hog 

Weight 

34S 

70 

346 

67 

.U7 

60 

Material 
Injected 


40  c.c.  serum  + 
2  c.c.  virus 

30  c.c.  serum  + 

2  c.c.  virus 
2  c.c.  virus 


Results 


Symptoms  after  s  days; 
died  after  17  days 

Symptoms  after  6  days; 

died  after  21  days 
Symptoms  after  7  days; 

died  after  22  days 


Lesions  of 
chronic 
cholera 

Typical 
lesions 

Typical 
lesions 


Only  tlic  first  seven  bleedings  were  tested  in  this  case.  As  the  table 
indicates,  the  serum  was  not  potent. 

Hyperimmune  296. — Chester  white,  stag,  weiglit  100  pounds.  Injected 
May  29,  witli  40  Cc.  serum  (hog  221,  4th  bleeding)  and  2  Cc.  cholera  virus. 
One  month  later  received  900  Cc.  of  Y^-\\o\iv  horse  serum.  Was  not  bled 
until  August  1,  practically  two  months  after  receiving  the  horse  scrum. 


TABLE  13. 
Potency  Tests  of  Serum  from  296. 

Bleeding 

Time  after 
Injection 

Hog 

Weight 

Material 
Injected 

Results 

I  to  Q  . . 

1-32  days 

Weekly 
intervals 

343 
344 

347 

64 
77 
60 

40  c.c.  scrum  + 
J  c.c.  virus 

30 cc.  serum  + 
2  c.c.  virus 

2  c.c.  virus 

Remained  well 

Remained  well 

Symptoms  after  7  days; 
died  after  22  days 

Typical 
lesions 

The  scrum  from  the  various  lots  of  bleedings  proved  to  be  sufTiciently 
potent  to  protect  the  test  pigs  against  cliolera. 
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TABLE  14. 
Tabih-ated  Resitlts  of  Experimental  Hyperimmunization. 


Hog 

Results 

Potency  EstalDlished 

173 

Serum  not  potent 
Serum  potent 
Serum  potent 
Serum  potent 
Serum  potent 
Serum  potent 
Serum  potent 
Serum  potent 
Potency  oi  serum 

below  standard 
First  three  bleedings 

not  potent.   Others 

not  tested 
Serum  potent 

60  days 
80  days 
47  days 
65  days 
60  days 
68  days 
80  days 
34  days 

177 

221 

254 

288 

62  days 

SUMMARY. 

The  results  of  these  various  tests  relative  to  experimental 
hyperimmunization  with  horse  serum  virus  suggest  the  following 
conclusions : 

1.  Cholera  immune  hogs  can  withstand  intraperitoneal  injec- 
tions of  large  quantities  of  horse  serum  virus.  Ten  cubic 
centimeters  per  pound  body  weight  can  be  injected  without 
anaphylactic  effects. 

2.  Horse  serum  virus  when  injected  into  immune  hogs  is 
capable  of  stimulating  the  formation  of  antibodies  in  the  blood  of 
the  treated  hogs. 

3.  Blood  drawn  from  a  hog  at  least  one  month  after  it  has 
received  an  injection  of  horse  serum  virus  is  more  potent  than 
blood  drawn  at  any  earlier  period. 

4.  Two  injections  (intraperitoneal)  of  horse  serum  virus,  one 
month  intervening,  consisting  of  10  Cc.  and  0  Cc.  per  pound 
weight  respectively,  appear  to  produce  a  more  potent  l^lood  than 
that  produced  by  one  injection. 

5.  It  reqtiires  a  larger  dose  of  hyperimmune  serum,  prepared 
by  this  modified  method,  to  protect  against  the  test  dose  of  virus, 
than  is  necessary  with  serum  prepared  after  the  original  method. 


II.     FIELD  TESTS  WITH    HYPERIMMUNE  SERUM. 

In  order  to  determine  the  efficiency  of  the  serum  in  immuniz- 
ing against  cholera  under  natural  conditions,  a  number  of  field 
tests  were  conducted.     The  serum  used  in  these  tests  had  proven 
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potent  at  the  laboratory  and  included  that  from  hogs  174.  177, 
217,  221,  254,  and  255. 

Twenty-nine  herds,  located  in  three  States,  received  treatment 
with  the  experimental  serum.  The  animals  in  these  several  herds 
afforded  conditions  which  are  usually  encountered  in  dealing  with 
an  epizootic  of  hog  cholera.  The  "serum  alone"  method  of 
treatment  was  employed  in  every  case. 

The  following  is  a  description  of  each  herd,  together  w  iih  the 
treatment  and  results : 

Herd  I. — This  herd,  an  infected  one,  was  located  near  Flint,  Midi., 
and  at  the  time  of  treatment  consisted  of  270  hops  of  various  sizes  and 
breeds.  The  disease  had  been  present  in  the  herd  for  two  weeks,  appar- 
ently liavin.u  been  introduced  In-  a  sliipment  of  liops  received  from  the 
Detroit  stockyards.  Thirty  liogs  had  died  and  20  were  sick,  showing 
symptoms  of  cholera  at  the  time  of  treatment  (.August  26).  Three  of  the 
sick  hops  were  killed  and  postmortem  examination  revealed  characteristic 
lesions  of  the  disease.  One  hundred  hogs  wore  treated  with  the  experi- 
mental serum  (221).  Of  this  number  22  were  suckling  pigs  three  weeks 
old;  52  weighed  about  50  pounds  each;  15  weighed  150  pounds;  and  12 
weighed  350  poiuids  each.  The  do-^es  were  5,  25.  50,  and  75  Cc.  respec- 
tively.    Thirty-tlirce  hogs  were  left  untreated  to  serve  as  controls. 

The  final  result  of  this  cxps'rinient  shows  that  29  ]K'r  cent  of  tiic 
treated  hogs  and  S4.(S  jier  cent  of  the  controls  died.  Considering  the  fact 
that  the  herd  was  badly  infected  at  the  time  of  treatment  the  outcome  of 
the  experiment  was  quite  satisfactory.  No  attemj)t  was  made  to  isolate 
the  animals  in  any  way  during  the  experiment. 

Herd  J. — This  herd  was  located  a  few  miles  from  Detroit,  Midi.  It 
consisted  of  15  hogs  at  the  time  that  the  disease  appeared.  Two  weeks 
later  the  number  was  reduced  to  seven.  The  disease  was  prevalent  on 
adjoining  famis.  Six  of  the  hogs  weighing  50  pounds  each  were  treated 
with  40  ("c.  of  serum  from  experimental  hyperimmune  221.  The  remain- 
ing shoat  was  left  untreated  as  a  control. 

The  control  and  one  of  the  treated  hogs  died  about  a  week  alter  tlie 
treatment.     The  other  five  treated  hogs  remained  well. 

Herd  j. — This  herd  was  located  in  northeastern  Kans.is,  in  a  \ieinity 
where  cholera  had  been  prevalent  for  several  months,  it  ronsisted  orig- 
inally of  3iS  hogs,  but  six  of  them  had  already  contracted  the  disease  and 
flied.  The  remaining  number  had  every  chance  for  exjiosure,  as  they 
were  in  same  i>en  with  those  which  died.  Fifteen  3()-pound  slioats  and 
one  400-pound  sow  received  treatment,  consisting  of  40  ("c.  and  75  t"c. 
resjtectively.  Three  or  four  of  the  treated  hogs  showed  slight  symi)toms 
of  cholera  when  injecterl.  Sixteen  hogs  were  not  treated.  .Serum  217  was 
used  on  this  herd.  Thi'  last  rejjort  of  the  e\i)eriment  shows  that  *'3.7  j)er 
cent  of  the  treated  hogs  and  100  per  cent  of  the  controls  succumbed.  In 
this  experiment  llie  senmi  liarl  littli'  effect  in  checking  the  disease. 

Herd  ./. — This  herd  was  located  one  mile  from  herd  ?>.  Cholera  had 
been  present  in  this  herd  for  two  weeks,  during  which  time  40  lio.us  died 
of  the  disease.  Of  the  27  remaining  hogs,  1''  weighing  apiuoximately  70 
pounds  e.ich  were  given  injections  of  the  scrum  (217),  the  dose  admin- 
istered being  40  Cc.  One  of  these  hogs  as  well  as  one  of  the  eight  con- 
trols showed  evidence  of  infection  on  the  day  of  injection.  The  final 
report  of  this  test  showed  that  42.2  per  cent  of  the  treated  hoes  and  X7.5 
per  cent  of  the  controls  rlicd       'I'he  serum  exidentlN    i.;ave   some  i)rotectio!i. 
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Herd  ,T. — This  herd  was  located  one-lialf  mile  from  licrd  4.  It  con- 
sisted of  61  pure-bred  Poland  Chinas  of  various  ages.  The  herd  had 
escaped  cholera,  which  was  present  on  adjoining  farms.  Thirty-five  hogs, 
16  weighing  75  pounds;  three  weighing  400  pounds;  and  16  pigs  three 
weeks  old  received  treatment  (serum  254),  the  remainder  of  the  herd  (26) 
serving  as  controls.  Cholera  entered  the  herd  soon  after  the  treatment, 
causing  the  death  of  11.4  per  cent  of  the  treated  hogs  and  34.6  per  cent 
of  the  controls. 

Herd  6. — This  herd  was  situated  in  the  same  neighborhood  as  the  three 
preceding  herds  and  though  free  from  disease  was  in  close  proximity  to  it. 
Fifty-seven  shoats  were  injected,  each  with  40  Cc.  serum  (255).  Forty- 
one  were  left  untreated  as  controls.  Reports  show  that  this  herd  escaped 
cholera,  both  treated  and  untreated  hogs  remaining  in  normal  condition. 

Herd  y. — Non-infected.  Herd  consisted  of  42  shoats,  average  weight 
70  pounds.  Owner  had  visited  infected  herd  on  near-by  farm  and  did  not 
exercise  any  precaution  against  carrying  the  disease  to  his  herd.  Twenty- 
eight  of  the  42  hogs  received  each  40  Cc.  of  serum  (255).  Two  weeks 
later  one  of  the  controls  died,  showing  lesions  of  cholera.  Three  others 
were  sick  at  the  time,  and  were  destroyed.  The  treated  hogs  were  in  a 
healthy  condition,  but  owner  sold  them  before  completion  of  the  experi- 
ment. 

Herd  8. — This  herd  consisted  of  76  hogs,  mostly  spring  shoats,  weigh- 
ing 60  pounds,  which  were  apparently  in  healthy  condition.  Disease 
present  on  farm  two  miles  distant.  Thirty-eight  were  treated  with  serum 
(225),  receiving  40  Cc.  each.  The  owner  reports  that  the  herd  is  still 
free  from  cholera. 

Herd  g. — This  herd  consisted  of  85  hogs.  They  had  access  to  water 
that  flowed  through  badly  infected  farms,  but  at  the  time  of  treatment 
they  were  free  from  cholera.  Forty-two  50-pound  shoats  received  40  Cc. 
serum  (217)  ;  43  serving  as  controls.  When  the  farm  was  visited  one 
month  later,  all  hogs  were  in  good  condition.  It  was  reported  later  that 
this  herd  escaped  the  disease. 

Herd  lu. — This  was  an  infected  herd  consisting  of  125,  60-pound 
shoats,  three  of  which  were  showing  symptoms  of  cholera.  Serum  (254) 
was  administered  to  63.  Two  weeks  later  15.8  per  cent  of  the  treated 
hogs  and  19.3  per  cent  of  the  controls  had  died.  Owner  sold  the  remain- 
der before  definite  results  could  be  obtained. 

Herd  ii. — This  was  a  non-infected  herd  located  one-half  mile  from 
cholera.  Of  the  48  hogs  in  the  herd  29  received  each  40  Cc.  serum  (217 
and  234).  When  hogs  reached  marketable  age,  they  were  sold,  the  entire 
herd  having  escaped  cholera. 

Herd  is. — This  herd  consisted  of  32  head,  5  sows  and  27  shoats.  They 
seemed  to  be  in  good  health,  although  across  the  road  40  hogs  had  died 
from  cholera  during  the  previous  month.  Three  sows  were  treated  each 
with  60  Cc.  serum  (217  and  255)  and  20  shoats  each  with  35  Cc.  of  the 
same  lot.  Three  weeks  later  39.1  per  cent  of  the  treated  hogs  and  88.8 
per  cent  of  the  untreated  had  died.  The  disease  appeared  in  the  herd  a 
few  days  after  treatment,  six  of  the  controls  dying  before  any  of  the 
treated  ones  showed  evidence  of  cholera. 

Herd  13.- — This  herd  located  one  mile  from  herd  12  was  free  from 
cholera  at  the  time  of  treatment.  Hogs  on  an  adjoining  farm  were  dying 
of  the  disease  at  the  rate  of  10  per  day.  Sixty  hogs  in  herd  13  were 
injected  with  the  experimental  serum  (255),  leaving  77  as  controls. 
Neither  the  treated  hogs  nor  the  controls  became  infected  while  they 
were  under  observation. 

Herd  14. — This  was  a  non-infected  herd,  consisting  of  twenty-two 
60-pound  shoats.  There  was  no  cholera  within  a  radius  of  two  miles. 
Sixteen  of  the  22  hogs  received  an  injection  of  the  scrum  (255).  The 
entire  herd  remained  well. 
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Herd  75. — This  herd  was  located  two  miles  from  herd  14.  Cholera 
had  been  present  in  this  herd  for  three  weeks,  and  of  the  original  number 
of  hogs  (165)  only  79  survived  and  practically  all  of  these  showed  evi- 
dence of  infection.  Seventeen  hogs,  four  sows,  and  13  shoats  received 
treatment,  with  a  dosage  of  60  Cc.  for  the  former  and  40  Cc.  for  the 
latter  (serum  173).  Twenty-eight  animals  which  showed  no  symptoms 
were  reserved  as  controls.  One  month  later  5.9  per  cent  of  the  treated 
hogs  and  all  of  the  controls  had  died.  Tlic  serum  proved  of  considerable 
value  in   this  herd. 

Herd  16. — In  this  herd  17  remained,  out  of  a  total  number  of  80.  In- 
fection had  been  on  the  premises  for  one  month.  Thirteen  of  the  17  were 
g^iven  40  Cc.  each  of  serum  from  experimental  hyperimmune  174.  The 
latest  report  from  this  herd  sliows  that  both  treated  and  untreated  hogs 
are  well. 

Herd  17. — This  herd  consisted  of  30  hogs,  three  of  wliich  were  sick 
at  the  time.  The  well  hogs  were  placed  in  new  pens  and  1*)  of  them 
(shoats  weighing  from  30  to  75  pounds)  were  injected  with  scrum  (217). 
l-"ive  v.eeks  later  47.3  per  cent  of  the  treated  hogs  were  dead  and  45.4  per 
cent  of  the  controls.  Most  of  these  hogs  died  during  the  week  following 
the  injection,  indicating  that  they  were  developing  the  disease  wlien 
treated. 

Herd  18. — This  herd  was  located  four  miles  from  cliolera,  but  the 
owner  intended  to  transfer  the  hogs  to  an  infected  farm  four  weeks  later. 
Twenty- four  were  treated  with  serum  (217),  45  Cc.  being  administered  to 
each,  and  six  were  kept  as  controls.  A  report  from  this  herd  six  weeks 
later  shows  that  all  of  the  controls  and  one  of  the  treated  hogs  suc- 
cumbed to  cholera. 

Herd  19. — This  was  a  healthy  herd  of  65  hogs.  Proximity  of  disease, 
one  mile.  Fifty-one  were  treated  with  serum  (173  and  177).  Of  this 
number  48  were  60-pound  shoats  and  three  were  sows  weighing  about  300 
pounds  each.  Serum  injected  in  amounts  of  40  Cc.  and  75  Cc.  J^oth 
treated  and  untreated  hogs  remained  well. 

Herd  20. — These  hogs  were  the  property  of  a  cattle  feeder  and  luid 
been  purchased  from  neighborhoods  where  cholera  was  i)rcvalent.  At  the 
time  of  treatment  they  appeared  to  be  healthy.  Twenty-nine  of  the  38 
hogs  received  treatment,  which  consisted  of  an  injection  of  40  i\\  of 
serum  (177  and  217).  Tiie  final  results  of  this  exi)erinient  show  that  88 
Iter  cent  of  the  controls  and  51  per  cent  of  the  treated  hogs  had  died. 

Herd  21. — This  herd  consisted  of  16  shoats,  averaging  in  weight  50 
pounds.  Twelve  of  these  were  treated  each  with  40  Cc.  serum  (173). 
These  hogs  as  well  as  the  controls  withstood  an  infection  wliich  was 
present  on  adjoining  farm. 

Herd  23. — In  this  herd  of  eight  hogs  only  three  were  treated,  two  of 
which  had  a  temjierature  of  104.5  '  at  the  time  of  treatment.  Both  of  these 
hogs  died.  The  other  treated  hog  and  two  controls  survi\ed.  Serum 
used,  254.     Dosage  4f)  Cc. 

Herd  2^. — Infection  not  present  on  farm.  Treated  24  lioizs,  lea\  ing 
three  as  controls.  Serum  254  was  used.  This  eTUin-  1h  rd  ninaiiud  well 
as  long  as  observation  continued. 

Herd  2.\. — I'ivc  hogs  were  treated  with  serimT  253  and  255  in  doses  of 
40  Cc.  Two  controls.  Latest  report  indicates  that  cholera  had  not  ap- 
j)earefl  in  the  lierd. 

Herd  2j^. —  In  tin's  healtliy  herd  of  14  head.  13  received  tnatnunl  with 
serum  255.  The  disease  was  jiresent  on  neiuhboring  farm.  A  rciiort  from 
this  farm  six  weeks  later  showed  that  :dl  hogs  were  healthy. 

]lerd  26. — This  herd  consisted  of  three  5()-poun(l  shoats.  'iwo  were 
injected  with  serum  (254)  in  a  dose  of  40  Cc.  each.  Final  result,  control 
dead  and   both  treated  hogs  well. 

Herd  27. —  Fifteen  hogs  in  herd.  Two  died  a  few  days  previous  to  the 
lieuinnint:   of  the  experiment,     'i'eii   were   injected  with  35   Cc.  of   serum 
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(254).     Five  weeks  later  tlie   disease  had   run  its  course,  with  tiic   result 
that  two  of  the  control  hogs  and  none  of  the  treated  died. 

Herd  28. — One  hog  treated,  three  controls.  Treated  hog  received 
60  Cc.  of  serum  (254).  The  result  was  that  the  treated  hog  remained  well 
and  two  of  the  controls  died. 

Herd  J?9. — There  was  an  infection  one-half  mile  from  this  herd.  Ten 
of  the  hogs  were  given  the  serum  treatment,  a  dose  of  70  Cc.  being  admin- 
istered (221).  The  latest  report  shows  that  cholera  has  not  entered  the 
herd. 

TABLE  IS- 
Summarized  Results  of  Field  Work. 


Condition  of  Herds 

Number  of 

Hogs 

Treated 

Number 
Died 

Percentage 

Number 
Controls 

Number 

Controls 

Died 

Percentage 

Not  exposed  before  or 
after  treatment 

Exposed  before  treatment 
and  infection  evident.  . 

Exposed,  no  symptoms 
before  treatment 

371 

30S 

87 

0 
99 

S 

0 

32.1 

S-7 

267 
igi 
46 

0 

122 
19 

0 
63.8 
41.3 

Total 

766 

104 

S04 

141 

A  general  survey  of  the  field  tests,  as  well  as  of  those  con- 
ducted at  the  laboratory,  indicates  that  the  experimental  serum 
used  in  this  work  possessed  protective  properties.  Of  the  29 
herds  treated,  13  were  infected  at  the  beginning  of  treatment. 
The  disease  was  of  an  extremely  virulent  type  in  four  of  these 
herds,  namely,  numbers  1,  3,  4,  and  12.  In  the  infected  herds  a 
total  of  308  hogs  received  treatment  and  191  served  as  controls. 
The  final  results  show  that  G7.9  per  cent  of  the  treated  hogs  and 
36.2  per  cent  of  the  controls  survived,  which  points  to  the  fact 
that  the  serum  had  both  a  prophylactic  and  curative  effect.  In 
the  case  of  the  non-infected  herds  only  three  of  the  16  became 
exposed  after  treatment.  In  the  three  herds  which  became 
exposed  to  hog  cholera  after  experimental  treatment  (herds  5,  7, 
and  18)  the  average  final  result  is  expressed  by  a  stirvival  of  94.3 
per  cent  of  treated  hogs  and  of  58.7  per  cent  of  the  controls. 


GENER.\L  CONCLUSIONS. 

The  practical  use  of  horse  serum  virus  in  the  preparation  of 
hyperimmune  serum  is  open  to  question.  The  method,  in  so  far 
as  our  results  show,  has  two  disadvantages : 

1.  The  animals  used  for  hyperimmunization  must  be  kept 
under  treatment  several  weeks  longer  than  when  treated  by  the 
original  method. 
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2.  A  larger  dose  of  the  serum,  as  compared  with  that  Avhich 
is  recommended  by  those  engaged  in  preparing  hyperimmune 
serum  according  to  the  original  formula,  must  be  administered. 

This  work  has  resulted  in  further  experimental  evidence  that 
horse  serum  virus  represents  an  activated  hog  cholera  virus.  It 
would  scarcely  appear  possible  to  produce  hyperimmune  serum  as 
relatively  potent  as  that  which  has  been  used  in  this  work,  were 
similar  dilutions  of  the  original  cholera  virus,  in  physiologic  salt 
solution  /;/  vitro,  used  for  the  purpose  of  h\perimmunization  in 
substitution  for  "iiorse  serum  virus." 
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STUDIES  ON  THE  VIRUS  OF  HOG  CHOLERA.* 

PRELIMINARY  REPORT. 

Walter  E.  King  and  F.  W.  Baeslack. 

(  Fii;r.i   the   Research   Laboiatory,   Parke,  Davis  &  Co.,  Detroit,   Mich.) 

This  preliminary  report  is  presented  for  the  purpose  of  record- 
ing certain  observations,  which  have  been  made  by  the  aid  of  the 
dark  tield  on  the  blood  of  hogs  suffering  from  hog  cholera.  Dur- 
ing the  last  few  months  a  spirochete  has  been  found  with  uni- 
formity and  constancy  in  the  blood  of  every  cholera  hog  examined. 
Practically  all  of  these  positive  findings  have  been  controlled  by 
one  or  more  careful  dark  field  examinations  of  the  blood  before 
inoculation,  x-ldditional  checks  are  furnished  in  several  cases  by 
negative  findings  subsequent  to  positive  results  in  blood  of  hogs 
recovered  from  the  disease. 

In  this  work  the  fresh  blood  of  normal  and  diseased  hogs  is 
collected  aseptically  in  sterile  sodium  citrate  solution.  It  is  then 
examined  at  once  with  the  dark  field.  The  blood  of  normal  hogs 
thus  examined  may  show,  in  addition  to  the  normal  structures,  a 
few  granular  bodies,  sometimes  a  few  bacterial  cells  from  possible 
extraneous  contaminations,  and  filaments.  The  latter  may  assume 
the  form  of  "dumb  bells,"  "chains,"  or  flexible  filaments,  which 
by  an  untrained  observer  might  easily  be  mistaken  for  spirochetes. 
An  excellent  description  of  these  bodies  as  well  as  others  found 
in  the  jjlood  of  normal  animals  is  given  by  Balfour.^ 

In  so  far  as  the  present  results  go,  the  practiced  observer  can 
readily  distinguish  certain  characters  in  the  blood  of  animals  suf- 
fering from  hog  cholera  when  placed  on  the  dark  field,  as  differ- 
entiated from  normal  hog  blood.  It  usually  contains  many 
granules,  some  very  fine  yet  distinctly  larger  than  blood  dust, 
some  larger  still,  and  some  very  distinct,  highly  refractive  bodie.s. 
It  is  possible  that  some  or  all  of  these  granules  represent  disinte- 
grated blood  elements  resulting  from  the  disease. 

In  the  specimens  of  blood  from  all  infected  hogs  which  have 
been  observed  on  the  dark  field,  a  relatively  large  spirochete  has 


'Received   for   publication   November   30,   1912. 
^Fourth  Report,  Wellcome  Tropical  Research  Laboratories. 
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been  found.  It  averages  from  five  to  seven  microns  in  length  and 
one  micron  in  width.  The  body  of  the  organism  is  ftexible,  round 
and  bUmt  at  its  ends.  It  is  acti\cly  motile  and  rexolves  about  its 
longitudinal  axis.  Its  motility  is  undulating  in  character  and  its 
spirals  are  fixed.  Several  of  these  have  been  ol^served  dividing 
longitudinalh'.  In  t;nc  i)ermancnt  microscopical  mount,  prei)ared 
by  india-ink  fixation,  one  of  these  organisms  shows  a  polar  flagel- 
lum.  This  sjMrochete  is  readily  distinguished  from  bacteria  on 
account  of  its  lack  of  rigidity  and  characteristic  motility,  and  from 
"blood  filaments'"  by  its  refracti\c  properties  and  characteristic 
morphology. 

To  date.  i)Osit\  e  lindings  of  this  spirochete  are  recorded  in  the 
following  strains  of  \  irus  : 

1.  Michigan  strain  of  hog  cholera  virus  (originally  P)..\.I. 
strain  of  virus). — In  the  ])lood  of  seven  hogs,  all  checked  b}-  dark 
field  examinations  of  normal  blood,  except  the  first  one,  in  which 
was  observed  the  spirochete. 

2.  Miihigan  strain  (l)emerick  farm).  —  In  si.\  hogs  all  checked 
by  noriual  exannnations,  except  the  In-sl  two,  which  were  suffer- 
ing from  hog  cholera  when  received  frcnn  the  (jwner. 

:!.  huliana  strain. —  In  one  hog  controlled  by  negative  fmdings 
in  blcjod  'i  \  hours  after  inoculation. 

4.  Michigan  strain  (Rochester).  In  se\  en  hogs  all  of  which 
were  showing  symptoms  when  receixed.  In  these  animals  diag- 
nosis was  ])ractically  made  by  means  of  the  dark  field. 

.5.  California  strain.  In  one  hog.  checked  b\  repialed  exam- 
inations of  blood  before  inoculation. 

(!.  Kansas  strain.  In  one  hog  clieclxe(l  b\  examination  of 
blood  before  inoculation. 

7.  Ohio  strain  (  I'ettigrew  ).-  In  one  ho.g  checlvcd  b\  examina- 
tion of  blofjd  before  inoiulation. 

H.  Unknown  (mixed)  strain  of  \  irus.  in  fom-  hogs,  infected 
through  natural  exposure.  These  hogs  were  supposed  to  be 
he.allhy.  and  after  obtaining  positive  findings  in  the  blood  ot  one. 
physiial  inspection  showed  that  all  w  ert-  manifesting;  eai]\  clinical 
symptoms  of  lu)g  cholera. 

I».  ("ontrols  an-  turnisiied  b\  re])e.iled  neg,ili\e  findiiii^s  in  two 
imtrealed  animals  kept  for  a  time  as  checks,  by  repealed  negative 
fmdings  in  four  "natural  innnunes,"  and  in  six  animals  which 
became  idn\  ;ilescent  ;in<l  finalK  recoveri'd. 
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To  date  '33  hogs  have  been  under  observation,  130  dark  field 
examinations  have  been  made,  and  permanent  microscopical 
pieparations  of  the  organism  in  the  B.A.I.,  Indiana,  and  Rochester 
strains  of  virus  have  been  secured. 

Two  experiments  have  been  made  relative  to  the  horse  serum 
virus  phenomenon,^  which  showed  the  presence  of  the  spirochete 
in  the  horse  serum  virus. 

The  data  thus  far  collected  in  this  investigation  are  limited  and 
do  not  warrant  the  formation  of  definite  conclusions  as  to  the 
etiological  significance  of  the  findings.  The  details  of  the  experi- 
ments and  additional  material  will  be  presented  in  a  lat-^r 
publication. 


'King  and   Wilscn,  Jour.   Infcc.  Dis.,  1912,   11,   p.    441. 
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THE  PHYSIOLOGICAL  ACTIVITY  OF  CANNABIS 

SATIVA. 

COMPARISON    OF    EXTRACTS    FROM    INDIAN    AND    AMERICAN-GROWN 
DRUG  UPON   HUMAN  SUBJECTS. 

II.   C.    HAMILTON,   A.   W.   LESCOHIER,   R.   A.    PERKINS. 

It  has  been  claimed  by  various  investigators  that  the  common 
hemp  (Cannabis  Satk'a)  grown  in  the  United  States  contains  the 
same  active  constituent  as  is  found  in  Cannabis  Indica,  the  name 
of  the  ofiicial  drug  which  is  grown  in  India.  Botanists  do  not 
distinguish  between  the  two,  the  plant  being  identical  wherever 
grown. 

The  fact  that  the  Indian-grown  drug  was  used  in  all  the  early 
accounts  of  its  intoxicating  action  may  have  led  to  the  belief  that 
the  peculiar  climate  of  India  is  accountable  for  the  presence  of 
an  active  constituent  not  normally  present  in  the  plant. 

No  recorded  data  have  been  advanced,  however,  to  substantiate 
the  claim  that  drug  grown  elsewhere  does  not  contain  such  con- 
stituents. On  the  other  hand,  Wood  (Proc.  Am.  Phil.  Soc,  Vol. 
XI,  p.  226),  Houghton  and  Hamilton  (Am.  Journal  of  Pharmacy, 
January,  1908),  True  and  Klug  (Proc.  A.  Ph.  A.,  1909),  True 
(Am.  Journal  of  Pharmacy,  January,  1912),  and  Hamilton  (Am. 
Journal  of  Pharmacy,  March,  1912),  have  submitted  the  drug  to 
careful  pharmacological  tests,  and  report  that  extracts  from 
American-grown  drug  are  no  less  active  than  those  obtained  from 
India. 

Dr.  H.  H.  Rusby  raised  the  question  whether  the  test  for 
activity  on  dogs  can  be  accepted  to  prove  its  activity  as  a  thera- 
peutic agent. 

Much  of  our  knowdedge  of  the  action  of  drugs  is  obtained  by 
observing  their  effects  when  administered  to  animals.  The 
physiological  action  of  almost  every  powerful  drug  is  so  char- 
acteristic as  to  be  almost  unmistakable  to  an  experienced  observer. 
Any  one  who  has  observed  the  characteristic  effect  of  Cannabis 
Indica  on  susceptible  dogs,  symptoms  which  almost  invariably 
appear  in  an  hour  after  administering  one  to  two  grains  of  an 
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active  extract,  and  then  has  observed  the  same  effect  from  an 
equal  dose  of  an  extract  from  the  American  drug,  is  incHned  to 
accept  it  as  proved  that  the  two  are  identical. 

The  question  raised  by  Rusby  is,  however,  very  pertinent  and 
logically  calls  for  proof  of  a  dift'erent  character.  A  series  of  ex- 
periments was  therefore  outlined  which,  it  was  hoped,  would 
throw  light  on  this  much  mooted  question.  To  make  a  complete 
experiment  it  was  decided  that  three  persons  would  cooperate, 
each  in  turn,  taking  the  same  (|uaiitity  of  each  lot  of  drug,  while 
two  would  remain  normal  to  observe  its  effect. 

There  is  not  nuich  of  interest  in  observing  the  effect  of  the 
drug  on  others,  since  its  action  is  more  mental  than  pli\sical. 
One's  own  description,  if  it  could  be  recorded  at  the  time,  would 
mean  much  more  than  that  of  others.  The  subject,  however,  is 
not  in  a  condition  at  the  time  to  record  these  oI)servations.  and 
if  of  a  nervous  disposition  needs  the  presence  of  companions. 
Otherwise  drowsiness  is  often  the  most  characteristic  eft'ect  of 
the  drug. 

The  evening  was  taken  for  these  experiments,  partly  to  give 
opportunity  for  sleep  immediately  afterwards  and  jiartly  to  have 
everything  quiet  with  no  disturbing  affairs  going  on  to  distract 
attention. 

One  of  the  three  (Hamilton)  had  on  a  ])re\if)us  occasion  taken 
two  grains  of  an  active  extract  Cannabis  Indica  and  \\;is,  to  that 
extent,  familiar  with  its  action.  On  that  occasion  there  were  de- 
veloped some  disagreeable  synijUoms  btit  nothing  serious. 

Nausea  and  xomiting  occuncil,  wbirh  were  niagniliod  by  the 
imagination  to  an  extent  that  was  far  from  pleasant.  Therefore, 
to  duplicate  conditions  as  nearly  as  possible  the  capsule  contain- 
ing 2  grains  extract  Cannabis  .\nicricana  was  taken  at  5:30.  fol- 
lowed bv  dinner  at  0  o'clock. 

f,.\I'i:kimi:\t  i. 

II.  relates  his  experience  as  follows: 

About  one  honr  after  t.aking  the  drui;  a  plea^nrable  >ens;ition 
was  experienced  whith  can  be  described  only  ;is  one  ot  well-being 
and  complete  satisfaction.  'Ibis  was  m.irrid  tf)  an  extent  by  the 
dread  that  the  trip  to  the  laboratory  might  not  be  entirely  com- 
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fortable,  and  that  in  tlic  street-car  or  on  tlw  street  ni)-  belia\ior 
might  l)e  ricHculous  witliottt  the  cause  being  known.  Tlie  walk  to 
the  car,  the  two-mile  ride,  and  several  blocks  walk  to  the  labora- 
tory, seemed  interminable,  although  no  unpleasant  feelings  were 
experienced  during  the  trip.  One  other  fact  was  observed, 
namely,  the  difficulty  in  holding  my  mind  on  one  subject  long 
enough  to  express  my  thoughts. 

About  two  hours  after  taking  the  drug,  an  uncomfortable  feel- 
ing w'as  experienced,  followed  shortly  by  nausea  and  vomiting. 
Several  ideas  impressed  me  strongly ;  I  had  a  morbid  fear  that 
some  one  other  than  my  associates  would  observe  me,  also  that  the 
effect  of  the  drug  on  me  would  deter  the  others  from  taking  it.  I 
was  opposed  to  doing  anything  and  wished  most  earnestly  for  a 
comfortable  seat  or  bed.  A  feeling  of  constriction  and  dryness  in 
my  mouth  and  throat  was  observed.  Later  a  feeling  of  depression 
and  drowsiness  followed  and  I  appeared  to  sleep.  Whether  I  did 
or  not  is  uncertain  as  I  thought  I  remained  conscious  all  the  time. 
I  knew  that  something  in  my  condition  was  decidedly  abnormal 
because  of  comments  made  by  the  observers,  but  I  didn't  know 
nor  care  wdiat  it  was. 

About  four  hours  after  taking  the  drug  I  felt  much  better  and 
aroused  entirely  from  my  drowsy  state.  On  the  trip  home  I 
dozed  oft'  on  several  occasions,  but  for  only  a  few  minutes  each 
time.  A  comfortable  night's  sleep  followed  and  no  unpleasant 
after  eft'ects  could  be  noticed. 

The  result  of  this  experience  convinced  me  that  no  dift'erence 
could  be  detected  in  the  action  of  extracts  from  Indian  and 
American  hemp,  for,  although  in  the  former  experiment  there 
were  several  phases  which  did  not  appear  in  this  one,  the  general 
effect  was  identical  in  each  case.  On  the  former  occasion  all  the 
peculiar  sensations  were  more  vivid,  time  dragged  more  slowly, 
the  nausea  was  greater,  even  suggesting  the  fear  of  death,  the 
constriction  in  the  throat  was  so  great  as  to  suggest  choking  to 
death,  there  was  a  greater  willingness  to  give  free  rein  to  my 
imagination  and  to  relate  experiences,  and  therefore  greater  diffi- 
culty in  keeping  the  mind  on  one  subject  at  a  time.  These  differ- 
ences were,  however,  in  degree  and  not  in  kind  and  may  be  ex- 
plained in  part  by  my  having  become  familiar  with  the  drug  and 
descriptions  of  its  eff'ect  on  others. 


L.'s  Observations  on  Subject  H.  Ex.  I.  About  6:30  H.  began 
to  manifest  a  certain  amount  of  uneasiness  and  dilhculty  in  con- 
centrating liis  thoughts.  Coming  from  down  town  to  the  labora- 
tory it  was  observed  that  he  seemed  to  be  more  or  less  worried 
and  to  lose,  to  a  certain  extent,  sense  of  time,  expressing  the  feel- 
ing that  we  had  consumed  an  hour  coming  from  down  town, 
whereas  the  time  for  the  Irij)  was  not  more  than  ten  or  twelve 
minutes. 

The.  lal)0rator}-  was  reached  at  T:(i')  and  J 1.  expressed  a  strong 
desire  to  lie  down  or  become  ensconced  in  a  comfortable  chair. 
From  7  :00  to  7  :30  he  appeared  generally  depressed  and  became 
irritated  about  seemingly  trifling  matters.  At  T:li)  pulse  was 
taken  and  found  to  be  130,  weak,  irregular  and  easily  compres- 
sible. Skin  was  cold  and  clammy  rmd  he  expressed  a  l)elicf  that 
he  was  going  to  be  nauseated,  "i  :")(>,  pulse  had  dropped  lo  1H;,  l)ut 
was  still  weak  and  irregular. 

8:0n  Pulse  92,  .Severe  v. uniting. 

8:15         •'       90.         \'Mmite<l. 
8 :?,{)         "       88 
9 :0()         "       84 
9 :3()         "       86 
1():()()         "       96 

The  last  reccjrd  was  taken  after  1  I.  Iiad  been  u])  walking  around 
the  room,  which  undoubtedlx'  accnmUs  for  its  increase  o\er  the 
one  pre\iouslv  taken.  It  was  o])Ser\ed  throughout  that  when  II. 
exercised,  even  to  a  slight  extent,  the  heart  action  was  markedly 
accelerated.  In  one  instance  the  i)ulse  rate  was  taken  immediately 
after  II.  had  been  walking  and  was  foinul  to  be  !•<;.  When  taken 
less  than  a  minute  afterwards  it  was  about  so.  and  wa--  again  in- 
creased to  0(5  bv  comparati\  ely  slight  nuiscular  nioxrnuni.  I'lic 
])ulse  rate  \aried  Irom  !i(i  to  so  or  s-j  wiilini  a  nnntUc'^  lime. 
Throughout  it  was  soft  and  obliterated  b\-  slight  i)ressm-e.  I  )m-ing 
the  whole  evening  his  ideas  seemed  to  be  more  or  le>s  confused, 
and  it  was  apparenth'  impos>ible  tor  liini  lo  eoiicent  lale  his 
thoughts  on  any  particular  subject.  Atlei-  beginning  lo  inaki'  a 
ri-mark.  he  woidfl  lose  entircK'  his  ireiid  of  llioughl,  and  be  i|nile 
unable  to  completi-  it.  At  I"  p.  m.  llie  moi-e  marked  ellecls  o|  the 
drug  ha(l  worn  oil. 
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P.'s  Obscn'otiuiis  uii  Subject  11 .  lixp.  I.  J  I.  showed  no  symp- 
toms \vhatever  until  about  (J  :30,  when  it  became  evident  that  he 
was  worried  and  somewhat  nervous.  He  said  that  the  effect  of 
the  drug  was  coming  on  and  expressed  a  desire  to  go  to  the  lab- 
oratory as  soon  as  possible.  On  the  wa\-  he  worried  and  fretted, 
at  times  fearing  that  he  would  be  unable  to  walk  and  would  make 
a  spectacle  of  himself  before  reaching  the  laboratory.  However, 
nothing  of  particular  interest  happened  during  the  trip  except  an 
evident  lapse  of  memory  and  evidence  of  nervousness.  On  arriv- 
ing at  the  laboratory  he  expressed  a  desire  for  a  comfortable 
chair  or  a  bed  and  complained  of  feeling  sick  at  his  stomach.  He 
was  pale  and  his  skin  was  cold  and  moist.  Before  long  he  vomited 
freely.  This  was  repeated  after  a  few  minutes,  but  did  not  seem 
to  relieve  him  greatly.  He  complained  of  a  dryness  in  his  throat 
and  was  continually  wetting  his  lips.  His  pulse  rate  was  almost 
alarming,  varying  greatly  in  rate  from  84  to  120  within  a  minute, 
but  for  the  most  part  being  very  fast  and  weak.  His  skin  was 
cold  and  clammy  and  respiration  somewhat  shallow. 

For  over  two  hours  he  lay  back  in  his  chair  in  a  sort  of  stupor, 
seeming  to  be  asleep,  but  easily  aroused.  He  had  no  disposition 
to  attempt  anything,  not  txen  to  talk.  During  the  early  part  of  the 
evening  he  was  evidently  much  worried,  fearing  that  his  condition 
would  deter  his  colleagues  from  taking  the  drug.  He  also  seemed 
to  have  a  dread  that  some  one  other  than  those  associated  with 
him  in  the  experiment  would  see  him.  He  was  asked  to  write, 
but  firmly  refused  even  to  attempt  it.  When  asked  if  he  were 
having  beautiful  dreams  and  visions,  his  only  reply  was,  "I  wish 
I  could  tell  you."  He  remained  in  this  semi-conscious  condition 
until  about  10  o'clock,  when  suddenly  he  aroused  himself,  said  he 
felt  all  right  and  was  ready  to  go  home. 

He  dozed  off  momentarily  twice  on  the  car,  and  felt  all  right 
the  next  day  except  for  a  very  faint  headache. 

EXPERIMENT   11. 

L.'s  Personal  Experience.  A  2-grain  dose  of  solid  extract  Can- 
nabis Americana  was  taken  upon  an  empty  stomach.  For  two 
hours  no  sypmptoms  of  any  kind  were  experienced.  Then  there 
was  a  peculiar  unnatural  sensation.  This  initial  manifestation  is 
difficult,  in  fact,  impossible  of  description.     No  distress  was  evi- 
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denced  nor  was  tlie  feeling  exceptionally  pleasant.  It  was  simply 
a  recognition  of  the  fact  that  I  was  not  quite  myself.  Following 
this  period  there  shortly  developed  a  feeling  of  great  elation,  and 
a  sense  of  well  being.  With  no  particular  reason  for  being  so.  i 
felt  inexpressibly  happy.  There  was  a  twitching  and  drawing  of 
the  corners  of  my  mouth  and  an  uncontrollable  desire  to  laugh, 
although  I  could  not  laugh  aloud.  l-2\erything  pleased  me  and  I  felt 
that  my  happiness  was  absolutely  complete.  The  only  tinge  of  re- 
gret that  I  experienced  was  that  my  colleagues  were  not  ha\ing  the 
same  delightful  experience.  The  more  marked  elTects  of  the  drug 
appeared  to  come  in  waves,  although  the  general  sense  of  elation 
was  never  lost.  An  occasional  luididation  woidd  sweep  o\cr  me 
and  I  would  feel  as  though  my  l)ody  was  swaying,  and  there  was 
an  inclination  to  strike  the  table  with  my  hands  in  an  exuberance 
of  delight.  At  times  I  had  great  trouble  in  coordinating  my 
thoughts,  although  between  the  paroxysms  which  have  been  de- 
scrijjed,  my  mind  seemed  reasonably  clear.  I  felt  that  I  was  acting 
in  an  exceedinglv  foolish  manner,  hut  had  no  power  lo  control 
myself  and  in  fact  did  not  care  lo.  As  it  grew  laic  in  the  e\ening 
the  stinuilating  effects  of  the  drug  decreased  and  1  became  some- 
what irritable  and  touchy  al^oul  trilling  matters.  At  10  o'clock 
the  greater  part  of  the  eliects  had  worn  off.  although  I  did  not  feel 
entirely  normal.  .Vftcr  a  light  lunch  1  retired  and  slej)t  \ery 
soundl}-.  Xo  after  effects  of  any  kind  were  experienceil  on  the 
following  day. 

II .'s  Ohscn'OtioJis  on  f'..vf\  II.  T.."s  ex]icrience  was  almost  en- 
tirely one  of  enjovmenl.  Ilierc  wa^  no  nausea  and  no  e\  idenl 
discomfort,  although  he  once  remarked  thai  llu'  eailier  elU'cts 
were  much  the  more  pleasant.  There  was  un(|ueslional)l\  ilie 
same  well-being,  expressetl  by  his  re])ealedly  sa\ing,  "I  i\el  so 
good."  Hearty  laughter  for  wliiili  there  was  no  e\i<lent  rc.ison 
was  explained  in  this  way.  .\l  no  inne  was  tluii.'  any  desire  lo 
carry  (jn  conversation  more  tlian  lo  answer  an\  (|ui'stions  ad- 
dressed to  him.  This  \\<iuld  .mi  ount  toi-  iIutc  bi-ing  no  noiire.ible 
difficidty  in  keeping  his  thoughts  collected. 

Later  a  sensation  of  drowsiness  was  exidi'nl  and  wiih  it  ex- 
pressions of  irritation  when  .anything  of  a  disinrbing  n.ituri.'  was 
said  or  rlone.  The  effect  of  the  drug  was  long  dilawd  in  appear- 
ing, nothing  being  nolici'd  cither  by  hini'^elf  or  the  otluis  until 
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nearly  two  hours  after  its  administration.  This  probably  explains 
why  its  effect  was  so  persistent,  intoxication  being  very  evident 
fully  six  hours  after  the  drug  was  taken. 

P.'s  Observations  on  Exp.  II.  No  effect  was  noticed  for 
about  two  hours,  when  a  slight  twitching  of  the  corners  of  the 
mouth  was  observed  and  a  tendency  to  smile.  When  asked  why 
he  smiled  he  said  he  didn't  know,  just  felt  good  but  could  not 
define  the  sensation,  it  was  simply  one  of  enjoyment.  He  said 
that  he  felt  sorry  for  us,  as  he  was  the  only  one  enjoying  himself. 
Presently  he  broke  into  a  restrained  but  hearty  laugh.  \Mien 
questioned,  he  said  it  was  simply  because  he  couldn't  help  laugh- 
ing. He  admitted  that  he  was  making  a  fool  of  himself,  but  said 
he  couldn't  help  it  and  didn't  care  anyway.  At  one  time  he 
pointed  at  an  article  of  furniture  in  the  room  and  had  another 
laughing  spell.  When  asked  the  reason  he  merely  said  that  it  was 
funny.  He  answered  all  questions  put  to  him,  but  showed  no 
tendency  to  be  talkative,  most  of  his  answers  being  short. 

These  spells  would  last  for  probably  a  minute  or  two  and  then 
there  would  intervene  a  normal  period  of  ten  to  twenty  minutes. 
He  said  he  was  simply  "happy"  drunk,  and  he  looked  and  acted 
that  way.  Later  in  the  evening  he  showed  a  decided  disposition  to 
be  annoyed  by  talking  or  answering  questions  and  remarked  that 
the  earlier  effects  of  the  drug  were  much  the  more  pleasant.  At 
10  o'clock  the  action  of  the  drug  had  worn  oft'  sufficiently  so  that 
he  felt  inclined  to  go  home.  He  was  somewhat  irritable  on  the 
walk  from  the  laboratory  and  said  afterwards  that  he  was  very 
drunk  on  the  way  home.  He  ate  lunch  before  retiring  and  en- 
joyed a  comfortable  night's  sleep  and  felt  fine  the  next  day,  with 
no  bad  eft'ects  whatever.  Observations  were  taken  of  the  blood 
pressure  (systolic)  and  of  the  pulse  rate  at  intervals  during  the 
evening,  but  nothing  abnormal  was  noticed.  The  pulse  was  full 
and  steady  and  the  rate  averaged  about  80,  not  varying  more  than 
six  beats  at  any  time.  The  blood  pressure  was  130  mm.  of  mer- 
cury throughout  the  evening. 

EXPERIMENT   III. 

p.  relates  his  own  experience  as  follows :  At  4 :30  I  took  a 
capsule  containing  two  grains  S.  E.  Cannabis  Americana  on  an 
empty  stomach.    About  one  hour  later,  while  talking  to  my  col- 
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leagues  about  the  best  time  for  them  to  go  out  for  a  lunch,  they 
asked  me  if  I  didn't  feel  anything;  I  answered.  "Xo."  and  truth- 
fully I  did  not,  but  no  sooner  had  I  spoken  than  1  experienced  a 
peculiar  sensation.  The  corners  of  my  mouth  commenced  to  draw 
and  I  could  not  refrain  from  laughing ;  I  laughed  so  heartily  that 
I  was  tired  afterwards,  although  nothing  seemed  particularly 
amusing.  This  spell  lasted  for  prol)al)ly  half  a  miiuue.  although 
it  seemed  much  longer  to  me. 

Then  my  associates  left  me,  and  I  was  alone  in  the  laboratory. 
At  this  time  I  felt  most  e.xhilarated.  Everything  seemed  so  en- 
joyable and  I  was  extremely  comfortable.  I  walked  uj)  and  down 
the  corridor,  swinging  lightly  along,  seeming  lo  walk  on  air  or 
feathers.  ]\Iy  feet  weighed  nothing.  It  was  no  effort  to  walk  ; 
it  was  more  like  floating  along.  My  sense  of  proportion  was  lost, 
my  feet  seemed  miles  away  from  me,  my  arms  were  long  and  big. 
The  corridor  was  miles  long;  I  walked  or  rather  floated  up  and 
down  apparently  for  hours,  waving  my  hands  and  arms,  marking 
time  to  imaginar\-  music.  .Ml  this  while  I  was  smiling  and  enjo\- 
ing  myself  immensely.  All  my  faculties  were  not  imi)aired,  how- 
ever, because  to  test  myself  I  read  part  of  a  typewritten  notice  on 
the  bulletin  board.  I  was  standing  there  when  a  person  who 
knew  nothing  of  the  experiment  passed  by.  W  c  greeted  each 
other,  and  e\iflently  he  noticed  nothing  peculiar  in  ni\  appearance 
nor  actions.  I  was  surprised  at  this,  for  it  seenuil  to  nic  that  he 
must  see  how  silly  I  looked  and  bow  I  swayed  wlu'n  I  walked. 
but  esjjecially  he  should  have  noticed  my  voice,  which  soundi-d  to 
me  like  the  deepest  bass.  It  seemed  lo  nic  to  be  nuisiral  and  iull 
toned  anrl  I  liked  to  hear  myself  lall^.  My  colleagues,  however, 
did  not  seem  to  notice  it,  nor  did  th(,\  appi  (.ciatr  that  I  Iclt  so  good 
toward  them  and  m\self. 

After  what  seemed  hours  of  walking  1  sat  down  to  await  their 
reliUMi  from  lunch.  .Several  waves  swept  nwv  ww  during  this 
time  and  also  later  on.  which  are  very  ditluull  lo  drscribe  ade- 
rju;iUl\-.  The  feeling  was  uuc  of  well  being  and  prrt'iTl  satis- 
faction, beginning  with  a  sort  of  numbness  or  fulness  in  the 
extremities,  a  feeling  of  unrealit\  in  the  surroundings.  I  knew 
that  mv  hands  were  normal  in  appearance',  but  when  not  observ- 
ing them,  tliev  seemed  to  be  detached  and  not  a  pari  of  nie.  We 
played  a  game  of  cards,  and  in  pla\ing  a  (aid    I    ^reined   to  be 
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throwing  some  enormous  but  very  light  article  over  a  great  dis- 
tance. These  spells  usually  started  by  smiling  and  ended  in  laugh- 
ing rather  hysterically,  pounding  the  table  with  my  fist.  But  I 
could  not  laugh  aloud  because  of  the  peculiar  drawing  and  con- 
striction about  my  face  and  neck  previously  noted.  As  the  effect 
began  to  wear  off  these  paroxysms  became  less  frequent  but  no 
less  irresistible.  I  felt  no  unpleasant  symptoms  at  any  time. 
About  10  o'clock  I  was  hungry  and  ate  some  sandwiches  with 
great  relish  before  going  home.  I  reached  home  without  any 
difficulty,  not  feeling  drowsy  and  without  any  change  in  my 
feeling  of  enjoyment.  Upon  arriving  home  I  retired  immediately 
because  I  felt  that  I  was  not  entirely  normal.  Before  going  to 
sleep,  however,  I  experienced  another  w^ave. 

I  awoke  early  the  next  morning  very  much  refreshed  and  none 
the  worse  for  my  experience. 

H:s  Observations  on  Exp.  III.  The  experience  of  P.  was 
practically  a  duplicate  of  L.'s.  The  effect  appeared  one  hour 
after  taking  the  drug,  and  except  for  an  occasional  lapse  his  nor- 
mal condition  was  regained  five  hours  afterwards.  There  was 
more  uncontrollable  laughter  in  his  case,  no  irritability  and  no 
apparent  discomfort  at  any  time.  He  seemed  to  give  himself  up 
more  completely  to  the  enjoyment  of  his  sensations  than  the 
others.  At  times  he  seemed  to  be  addressing  an  imaginary  au- 
dience, pacing  back  and  forth,  gesturing  and  appearing  to  talk  to 
himself. 

We  were  inclined  to  question  whether  some  of  his  actions  were 
not  assumed  and  voluntary ;  but  he  assured  us  that  he  was  acting 
just  as  he  felt. 

L.'s  Observations  on  Exp.  III.  P.  began  to  feel  the  effect 
about  an  hour  after  the  administration  of  the  drug.  He  seemed 
to  be  possessed  of  a  desire  to  move  about,  paced  up  and  down  the 
corridors,  declaring  he  felt  as  though  he  weighed  not  more  than 
fifteen  pounds.  He  was  apparently  very  much  pleased  with 
himself,  and  bubbling  over  with  happiness.  At  times  he  would  be 
seized  by  fits  of  uncontrollable  laughter,  which  in  some  cases  was 
spontaneous  and  without  apparent  cause,  but  usually  it  Avas  in- 
cited by  the  others  laughing  at  or  with  him.  Between  these 
paroxysms  of  laughter  P.'s  condition  was  practically  normal,  he 
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could  talk  rationally,  and  his  mind,  as  far  as  indications  could  be 
depended  upon,  was  clear.  At  no  time  did  there  seem  to  be  a  loss 
of  coordination.  It  was  observed  that  the  action  of  the  drug  was 
apparently  produced  in  waves,  while  between  these  seizures  one's 
condition  would  be  practically  normal. 

During  the  three  experiments  recorded  above,  the  one  under 
observation  felt  a  certain  restraint,  knowing  that  the  others  were 
watching  for  every  abnormal  action.  For  this  reason  it  w'as  de- 
cided to  vary  the  conditions  in  the  further  experiment  and  have 
all  three  under  the  influence  of  the  drug  at  the  same  time.  It  was 
hoped  in  this  way  to  eliminate  the  restraint  evident  in  each  of  the 
individual  experiments  and  perhaps  observe  some  new  features 
in  the  action  of  the  drug. 

EXPERIMENT  IV. 

In  this  experiment  H.  took  Extract  of  Cannabis  Americana 
again,  while  L.  and  P.  took  extract  Cannabis  Indica.  This  gave 
an  opportunity  for  L.  and  P.  to  compare  the  effect  of  the  two 
varieties,  both  on  themselves  and  on  the  others,  while  li.  took  this 
opportunity  to  repeat  the  experiment  w'ith  all  the  conditions  the 
same,  except  that  he  ate  no  dinner  until  the  eft'ect  was  practically 
gone.  All  three  took  the  drug  at  4:30  on  empty  stomachs,  the 
dose  in  each  case  being  two  grains. 

This  last  experiment,  while  not  developing  any  new  features, 
was  in  other  respects  successful.  II.  IkkI  no  unpleasant  experi- 
ence and  the  evening  was  one  of  unalloyed  pleasure,  proving  that 
all  the  discomfort  was  directly  traceable  to  the  nausea  from  hav- 
ing food  in  the  stomach.  L.  considered  the  effect  to  be  much  less 
intense  and  of  shorter  duration  in  this  experiment  than  that  from 
the  American  drug,  while  P.  took  the  opposite  view  in  his  case. 

II. 's  account  of  the  experiment  is  as  follows:  L.  was  the  lirsl 
to  note  the  characteristic  effect  of  the  drug,  while  P.  and  I  re- 
mained unalTeclcd  for  fully  two  hours  after  it  was  taken. 

The  same  feeling  of  well-being  and  complete  satisfaction  was 
experienced  by  all,  this  being  as  evident  to  the  observers  as  to 
the  subject  himself.  Uncontrollable  laughter  was  more  frequent 
anrl  longer  continued  than  in  the  individual  cases,  probaby  be- 
cause during  a  cannabis  intoxication  so  little  is  necessary  to  excite 
it,  and  when  one  started  the  others  joined  in  the  hilarity.     No 
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one  felt  inclined  toward  any  activity,  but  only  to  give  himself 
complete  relaxation.  Each  of  the  three  was  emphatic  in  stating 
that  he  knew  when  he  was  making  himself  more  or  less  ridicu- 
lous, but  could  not  control  the  impulse  nor  did  he  wish  to  restrain 
himself. 

About  six  hours  after  taking  the  drug,  at  the  end  of  a  quiet 
card  game,  without  any  comment,  each  of  the  three  assumed  as 
comfortable  a  position  as  possible  and  fell  into  a  doze.  It  was 
apparently  not  sleep  in  any  case,  as  each  was  fully  conscious  of 
noises  in  the  building  and  annoyed  by  them. 

This  lasted  not  more  than  ten  minutes,  at  the  end  of  which  we 
all  felt  fully  aroused  and  ready  for  something  to  eat.  This  ended 
the  experiment  as  outlined  in  advance.  The  only  variation  from 
the  original  plan  was,  as  noted,  for  all  three  to  experience  the 
effects  at  the  same  time.  No  point  was  lost  because  of  this,  since 
the  subject  is  at  all  times  acutely  conscious  of  everything  oc- 
curring. 

L.'s  Account  of  Experiment  IV.  My  personal  experience  with 
Indian  Cannabis  was  very  much  the  same  as  those  already  nar- 
rated as  occurring  with  the  Cannabis  Americana,  although  the 
effects  were  developed  somewhat  more  promptly,  and  were  not 
quite  so  pronounced  or  lasting.  P.'s  feeling  seemed  also  to  du- 
plicate very  closely  those  which  he  had  had  from  the  Cannabis 
Americana,  but  contrary  to  my  own  were  somewdiat  more  pro- 
nounced. H.  did  not  have  any  of  the  nausea  or  any  of  the  other 
uncomfortable  features  which  occurred  during  the  first  experi- 
ment, indicating  very  clearly  that  these  symptoms  were  due  to  the 
hearty  dinner  which  he  had  eaten,  and  w^ere  not  to  be  construed 
as  characteristic  of  Cannabis.  The  drug  in  this  last  experiment 
was  taken  at  half-past  four,  and  the  greater  part  of  the  effects 
were  felt  from  about  half  past  six  to  eight  o'clock.  After  that 
time  the  more  exhilarating  action  had  worn  off,  and  I  experienced 
only  a  drowsiness.  For  a  half  or  three-quarters  of  an  hour  after 
I  had  ceased  to  feel  any  more  marked  effects  of  the  drug  H.  and 
P.  continued  to  be  very  much  exhilarated.  About  9  o'clock  all 
three  of  us  became  drowsy,  and  as  if  by  mutual  consent  laid  our 
heads  on  the  table  in  a  sort  of  doze,  although  none  of  us  really 
went  to  sleep.  This  condition  continued  about  ten  to  fifteen 
minutes,  after  which  we  felt  much  refreshed. 
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P.'s  Account  of  Experiment  IJ'.  L.  was  the  first  one  to  show 
any  symptoms  from  the  effect  of  the  drug.  He  had  practically 
the  same  experience  as  on  the  previous  occasion.  II.  and  I  did 
not  feel  any  effect  for  fully  an  hour  later  than  L.,  but  finally  went 
under  the  full  influence  of  the  drug  very  suddenly,  there  being 
no  premonitory  symptoms  whatever.  At  times  one  of  the  three 
would  have  a  paroxysm  of  laughter  alone,  but  usually  one  would 
start  laughing  and  the  others  join  him  at  once.  It  was  observed, 
however,  that  1,.  was  getting  over  his  intoxication  early,  and  he 
sat  there  seemingly  rather  bored  and  provoked  at  the  others  for 
being  so  happy.  The  effect  on  myself  was  apparently  more  in- 
tense than  that  of  the  previous  test,  and  more  so  than  was  ex- 
perienced by  the  others,  laughing  spells  being  more  frequent  and 
inclined  to  be  hysterical.  Xo  unpleasant  symptoms  were  experi- 
enced by  any  one  of  tlic  three  during  the  evening.  After  several 
hours  playing  cards  and  talking  a  peculiar  thing  happened.  Sud- 
denly and  without  a  word  from  any  one  we  stopped  the  game, 
lay  back  in  our  chairs  and  dozed.  It  seems  to  me  that  I  slept  for 
a  long  time,  although  it  was  in  reality  only  about  ten  minutes.  It 
probably  was  not  really  sleep  as  I  remember  hearing  the  watchman 
on  his  rounds,  and  I  wondering  whether  he  would  come  into  the 
room  where  we  were.  As  suddenly  and  spontaneously  as  we  had 
dozed,  we  aroused  and,  having  practically  recovered  from  the 
effects  of  the  drug,  prepared  to  go  home. 

roxci-rsiox.s. 

It  may  ])e  slated  with  txTtainlx-  that  the  plusical  and 
mental  comlitidii  nf  ilir  human  sul)jcct  at  tlic  time  of  admin- 
istering this  drug  intluences  its  effects  both  in  degree  and  kind. 
For  that  reason  no  two  jtersons  can  be  ex|)ected  to  exhibit  the 
same  symptoms  as  a  roull  of  ingesting  (.•(|ual  ijuantities  of  the 
same  drug,  and  no  ])erson  can  be  depended  upon  to  read  in  ex- 
actly the  same  manner  from  the  same  drug  on  different  occasions. 
With  these  facts  in  mind  the  diflerences  in  the  three  ])ersonal  ex- 
periences above  related  -.wr  readily  explainal)le,  and  there  is  no 
reasonable  ground  for  <loubling  that  Cannabis  ."^ativa  grown  in 
India  and  America  contains  the  same  acti\e  constituent. 

The  method  of  assaying  extracts  of  Cannabis  Sativa  described 
in   detail   by  1  ioughton  and   Hamilton    {/hn.  Jonni.  of  Pliarni., 
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January,  1908)  makes  use  of  dogs  for  exliibiling  the  character- 
istic effect  of  the  drug.  iVttention  is  called  in  this  article  to  the 
fact  that  the  animals  must  have  been  specially  selected  for  the 
purpose.  They  must  not  only  be  susceptible  to  the  drug  but  their 
behavior  under  its  influence  must  have  been  determined  by  pre- 
liminary observation.  We  may  thus  avoid  errors  due  to  their  in- 
dividual idiosyncrasies.  There  are,  apparently,  no  such  marked 
differences  in  the  character  of  the  reaction  in  dogs  as  are  ob- 
served in  human  subjects,  nor  are  they  so  variable  at  dift'erent 
times  if  they  have  been  carefully  selected  as  described  above. 

\\'hen  proper  precautions  are  observed  the  activity  of  an  extract 
Cannabis  Sativa  relative  to  a  standard  extract  may  be  determined 
with  reasonable  accuracy.  Twelve  years'  experience  in  observing 
tests  of  Cannabis  Sativa  obtained  from  different  countries,  Africa, 
India,  Germany,  Greece  and  various  localities  in  North  America, 
has  supplied  data  to  prove  that  they  all  contain  the  same  active 
constituent. 


THE     IODINE     CONTENT     OF     THE     SMALL, 

MEDIUM  AND  LARGE  THYROID  GLANDS 

OF  SHEEP,*   BEEF  AND   HOGS. 

By  T.  B.  Aldrich,  Ph.D. 

(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  Mich.) 

It  is  conceded  by  a  majority  if  not  all  writers  on  the  subject 
of  thyroid  therapy  that  the  thyroid  gland  (or  its  preparations) 
to  be  physiologically  active  must  contain  at  least  sojnc  iodine ; 
furthermore,  that  this  iodine  to  be  of  the  greatest  value  thera- 
peutically must  be  combined  or  associated  with  some  protein  or 
organic  complex  found  in  the  gland.  Presumably  the  iodine  is 
the  more  important  constituent;  the  two,  however,  associated  or 
combined  seem  to  give  the  best  therapeutic  results,  and  to-day 
the  efficiency  of  a  thyroid  preparation  is  generally  measured,  or 
should  be,  by  its  iodine  content.  In  fact,  for  some  time  a  number 
of  pharmaceutical  houses  have  been  putting  out  thyroid  prep- 
arations with  a  guaranteed  percentage  of  iodine.  Since  then  the 
iodine  content  of  a  thyroid  preparation  is  a  measure  of  its  thera- 
peutic efficiency,  it  is  desirable  to  select,  if  possible,  those  glands 
which  contain  the  most  iodine,  providing  other  factors  are  equal, 
and  from  those  animals  whose  thyroids  contain  the  most  of  this 
constituent. 

The  following  work  was  taken  up  with  the  object  of  determin- 
ing the  iodine  content  and  thereby  the  therapeutic  efficacy  of  some 
thyroid  glands,  especially  the  small,  medium  and  large  thyroid 
glands  of  sheep,  beef  and  hogs,  by  means  of  the  method  employed 
by  Hunter  (Journal  of  Biolog.  Chemistry,  1909-1910,  VII,  p. 
321),  which  is  very  accurate  and  detects  the  presence  of  very 
small  amounts  of  iodine  that  are  incapable  of  being  detected  by 
the  older  method  of  Baumann  (/.  Physiol.  Chem.,  1896,  21,  p. 
489;  Ibid.,  22,  p.  1),  which  has  been  the  method  usually  employed 


*The  iodine  content  of  some  mi-xed  sheep  thyroids  was  also  determined. 
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heretofore.     (See  Rigg's  work,  /.  of  American  CJicm.  Soc,  1910, 
XXXII,  p.  692 ;  Ibid.,  1909,  XXXI,  p.  710.) 

The  glands  received  came  from  the  Chicago  stock  yards,  were 
placed  in  Mason  jars  as  soon  as  removed  from  the  animals,  sub- 
sequently placed  in  cold  storage  and  shipped  packed  in  ice.  They 
were  all  received  in  the  best  possible  condition.  Six  lots  were 
obtained,  as  follows : 

(1)  Mixed  sheep  thyroids  (Lots  A  and  B). 

(2)  Small,  medium  and  large  sheep  thyroids  (LotC). 

(3)  "  "  "       "  "  "        (LotD). 

(4)  "  "  "       "       beef  "        (LotE). 

(5)  "  "  "       "       hog  "        (LotF). 
In  Lots  A,  B  and  C  the  glands  were  not  counted. 

After  freeing  from  superfluous  tissue  and  weighing,  the  glands 
were  ground  very  fine,  defatted  and  desiccated  in  the  usual  man- 
ner, and  eventually  reduced  to  a  very  fine  powder  by  passing 
through  a  CO-mesh  sieve. 

The  following  information  obtained  by  one*  of  our  staff  from 
a  packer,  relative  to  thyroids,  may  be  of  interest  at  this  point. 

(1)  Sheep  thyroids  are  subject  to  great  variation  in  size.  The 
sex  factor  is  not  the  determining  factor  for  the  size  of  the  gland, 
nor  has  the  condition  of  nutrition  of  the  sheep  any  decisive  bear- 
ing on  the  size  of  the  gland.  They  run  from  the  size  of  an  almond 
to  the  size  of  a  lemon. 

(2)  Steers'  thyroids  are  larger  than  cows',  this  variation  in 
size  being  a  constant  factor;  size  of  gland  varies  again  with  the 
condition  of  the  animal.  Well-nourished  cattle  lia\c  larger  thy- 
roids than  poorly-fed  ones. 

(3)  In  hogs,  the  thyroids  vary  little  in  size  and  present  (jnly 
slight  variation  in  general  appearance. 

The  thyroids  of  cattle  are  removed  after  head  has  been  severed ; 
same  i->  true  of  ho<,'^.  Cattle  lhyrf)i(ls  are  often  cut,  those  of  hogs 
not. 

'i'he  folhnving  nietluKl  ui  assaying  the  iodine,  somewhat  abbre- 
viated, was  employed.  (For  details  sec  Hunter,  The  Journal  of 
liiolo(jical  Chemistry,  1900-1010,  VII,  p.  321.) 

•It  is  a  |>1caMirc  to  ih.iiik   I)r.   Daeslack,  of  our  stafT,   for  looking  after  the  collec- 
tion of  the  glands  ami  also  fur  the  information  relative  to  the  same. 


3-_'7 

Exactly  one  gram  of  the  body  was  taken,  placed  in  a  nickel 
crucible  (125  c.c.),  14  grm.  of  the  following  oxidation  mixture 
added  (lOG  parts  Sodium  carbonate,  75  parts  Potassium  nitrate, 
and  138  parts  Potassium  carbonate),  and  the  two  intimately 
mixed  by  means  of  a  nickel  spatula.  Over  this  was  dusted  4  gm. 
of  the  oxidation  mixture.  The  nickel  crucible  was  then  heated 
over  a  flame  until  contents  of  the  same  was  perfectly  white.  This 
more  or  less  fused  mixture  was  dissolved  in  water  and  brought 
into  an  Erlenmeyer  flask  (800  c.c).  After  cooling,  35  c.c.  of 
Sodium  hypochlorite  solution  was  added,  and  while  holding  the 
flask  in  a  slanting  position  in  cold  water  and  agitating  at  the  same 
time,  65  c.c.  of  42^^%  phosphoric  acid  was  added.  The  solution 
should,  after  the  addition  of  the  acid,  be  colored  slightly  yellow 
from  the  slight  excess  of  chlorine  liberated.  The  mixture  was 
then  boiled  briskly,  a  funnel  with  a  short  stem  being  placed  in 
neck  of  flask  to  avoid  any  loss.  When  all  the  free  chlorine  was 
expelled,  recognized  by  holding  filter  paper  moistened  with  starch 
solution  containing  Potassium  iodide  in  the  steam  (blue  color  if 
present),  the  flask  containing  now  about  70-80  c.c.  was  allowed 
to  cool  and  brought  up  to  about  200  c.c.  by  the  addition  of  w^ater. 
To  this  cold  solution  10  c.c.  of  a  1%  Potassium  iodide  solution 
was  added,  wdiich  causes  the  liberation  of  six  times  the  amount 
of  iodine  originally  in  the  product  to  be  assayed,  according  to 
the  following  equation : 

KIO,  •  HIO3  +  10  KI  +  11  HCl  =  11  KCI  +  6  HoO  +  12  I 

This  liberated  iodine  is  immediately  titrated  with  a  standard 
solution  of  Sodium  thiosulphate  solution  approximately  N/200, 
a  few  drops  of  starch  solution  being  added  toward  the  end  of  the 
reaction. 

The  number  of  Cc.  of  Sodium  thiosulphate  used  multiplied 
by  the  iodine  factor  then  divided  by  0  gives  the  amount  of  iodine 
in  the  original  sample. 

A  blank  test  using  casein,  or  some  other  body  free  from  iodine, 
was  made  to  insure  the  absence  of  iodine  in  the  reagents,  and  the 
usual  precautions  employed  in  analytical  methods  observed. 

The  following  table  gives  the  number  (except  in  the  lots  A,  B 
and  C),  total  weight  of  glands,  average  weight  of  glands  and 
iodine  content  in  each  lot  with  average  iodine  content  and  per- 
centage in  each  gland,  where  the  number  of  glands  is  known. 
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Sheep  Thyroids  (Lots  A  and  B) 


(A.) 
(B) 


No.  of 
Gland 


Total  Wt.  of 
glands 

gms. 


2925  (MX)* 
5120 


Av. 
Wt.  of 
glands 

gms. 


Iodine  % 

(moist  gland 

ti.'isue) 


.0S2  } 
.022  ( 


.025 


Av,  iodine  in 

each  moist 

gland 

mg.         % 


Sheep  Thyroids  (Lot  C) 


(1) 
(2) 
(3) 


6oO<)  (S) 
5200  (M) 
5805  (L) 


.027 
.018 
.01 


01!) 


Sheep 

Thyroids  (Lot 

D) 

(I) 

397  (S) 

540 

1.36 

.014) 

.0 

.04 

(2) 

192  (M) 

(i.")0 

3.::58 

.028  • 

0.028 

.9 

.027 

(3) 

48  (L) 

075 

14.00 

.015) 

2.1 

.015 

Beef 

Thyroids  (LotE) 

(1) 

98  (S) 

020 

0.32 

.039  ) 
.030  } 

2.47 

.04 

(2) 

53  (M) 

4(  (5 

7.G4 

0.03fi 

2.40 

.031 

(3) 

34  (L) 

425 

12.20      ]  .Oi'.s  ) 

4.70 

.o:;s 

IIo(i  Thyroids  (L(jt  F 

) 

(1) 
(2) 

]0S  (S) 
70  (M) 
40  (L) 

725 
TCh") 

735 

0.7 
10.0 
18.37 

.051  ) 
.olS 
.OH  ) 

0.047 

5.2 
7.5 

.05 

.047 

.04 

The  avcr.'ij^c  iodine  cmitenl  of  the  mixed  sheej)  thyroid  oJaiids, 
Lots  (A),  (P>),  (C),  and  (I))  where  over  50  jhs.  were  employed, 
is  ahout  .05^5'/  ,  wliile  in  some  cases  with  selected  glands  0.014% 
has  been  obtained  and  .oj;  where  relatively  large  amounts  (GOOO 
gms.)   were  used. 


glands. 


•The  letters  (.S),  (Mj,   (t.),  and  (M,\)  stand  for  small,  URiliuni,  larsc  and  mixed 
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The  beef  thyroids  (Lot  E)  gave  an  average  of  .03G%  iodine, 
and  in  selected  cases  nearly  .04%.  The  hog  .047%  average,  in 
selected  glands  over  .05%  iodine. 

It  will  be  noted  that  the  greatest  variation  in  iodine  content 
in  the  different  sized  glands  of  the  same  animals  is  in  that  of  the 
sheep,  where  it  varies  from  .01%-. 027%  in  Lot  C  and  from  .015- 
.041:  in  Lot  D.  This  variation  being  no  doubt  due  to  the  greater 
prevalence  of  goiter  in  sheep. 

Next  to  sheep  the  iodine  content  of  the  hogs'  thyroids  vary  the 
most,  .041-.054%,  while  in  the  beef  we  have  the  least  variation, 
.030-.39%. 

The  hogs'  thyroids*  contain  the  highest  percentage  of  iodine, 
with  the  small  sheep  glands  in  one  case  higher,  in  the  other  lower 
than  the  mixed  beef  glands.  Assuming  the  iodine  content  to  be 
a  measure  of  the  therapeutic  activity,  the  mixed  thyroids  of  the 
hog  are  superior  to  the  beef  and  the  latter  superior  to  sheep 
thyroids,  small  sheep  thyroids  being  about  equal  to  mixed  beef 
thyroids. 

Weight  for  weight  the  small  glands  of  all  the  animals  studied, 
nearly  without  exception  contain  the  most  iodine  (excepting  beef, 
where  the  large  and  the  small  have  nearly  the  same,  .038%). 

In  general  the  larger  glands  contain  the  most  iodine  and  the 
ratio  of  the  iodine  content  of  the  small,  medium  and  large  glands 
is  approximately  as  follows : 

In  the  sheep  2:3:7 
"  "  beef  1:1:2 
"      "    hog       3:4:6 

The  mixed  glands  arranged  according  to  their  iodine  content 
stand  about  in  the  following  ratio : 

Sheep  Beef  Hogs 

5  7  9 

From  whatever  standpoint  we  take  we  must  conclude  from  the 
above  that  the  employment  of  either  hogs  or  beef  thyroids  for 
therapeutic  purposes  would  be  more  rational  than  the  employment 
of  sheep  glands,  even  if  small  selected  sheep  glands  are  employed, 
thus  eliminating  the  goiterous  glands. 


*It  is  interesting  to  note  that  Baumann  found  very  little  iodine  in  pigs'  and  hogs' 
thyroid  glands;  very  much  less  than  in  beef  and  sheep. 
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STUDIES  ON  THE  VIRUS  OF  HOG  CHOLERA. 

By  Walter  E.  King  and  Robt.  H.  Wilson. 

From   the    Research    Laboratory,   Parke,    Davis   &    Company,    Detroit,    Mich. 

During  the  course  of  some  experimental  work  with  the  "fiUer- 
able"  virus  of  hog  cholera,  it  was  observed  that  the  passage  of 
hog  cholera  serum  through  the  horse  produced  various  modifica- 
tions in  the  virulence  of  the  material.  Some  four  years  ago 
attention  was  directed  to  the  fact  that  a  relatively  short  residence 
of  hog  cholera  serum  in  the  blood  of  the  horse  tended  to  act  as 
an  aid  in  maintaining  the  virulence  of  the  virus.  This  phenom- 
enon was  noted  on  several  different  occasions,  l:)Ut  not  until  two 
years  ago  was  any  definite  line  of  work  established  to  determine 
the  truth  of  these  observations. 

The  present  paper  is  based  partly  upon  results  which  were  pub- 
lished in  September,  1910,  in  Bulletin  171  of  the  Kansas  State 
Experiment  Station,  and  partly  upon  experiments  which  have 
been  conducted  since  that  publication. 

The  following  experimental  data  relate  to  the  possible  activa- 
tion of  the  virus  of  hog  cholera  as  a  result  of  a  relatively  short 
residence  of  the  material  in  the  circulatory  system  of  the  horse. 
The  work  must  be  considered  as  preliminary,  and  satisfactory 
explanations  of  this  phenomenon  are  impossible  at  the  present 
time.     Comments  and  observations  only  can  be  offered. 

The  strain  of  virus  which  w^as  used  throughout  the  work  was 
obtained  from  Doctors  Marshall  and  Giltner,  of  the  ^lichigan  Ex- 
periment Station.  This  virus,  representing  the  same  strain  as 
that  in  use  at  several  laboratories  and  obtained  originally  from 
Dr.  Niles,  Ames  (Iowa),  ordinarily  maintained  an  incubation 
period  of  4  to  7  days  and  produced  typical  symptoms  and  death 
in  15  days  or  less. 

Use  has  been  made  of  four  experimental  horses  (Table  I), 
each  having  been  injected  intravenously  with  hog  cholera  serum 
at  varying  intervals.  The  amount  of  virus  injected  each  time 
varied  from  20  to  150  c.c,  depending  upon  the  condition  of  the 
animal  and  the  purpose  of  the  injection.  The  animals  were  bled 
aseptically  at  intervals  of  from  >4  to  9  hours  after  injection. 
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Table   I. 
Treatment  of  Experimental  Horses. 


No.  of 

Wt. 

Date  of 

Virus 

Dilution 

Residence  of 

Lot  of 

No. 

bleeding 

lbs. 

injection 

injected 

of  virus. 

virus  in  horse. 

serum. 

1 

1st. 

1150 

12/30/09 

100  c.  c. 

1  to  344.7 

H.  1.  2.  3, 
9  hrs. 

A 

1 

2nd. 

1105 

2/12/10 

100      " 

1  to  344.7 

14  and  9  hrs. 

B 

•> 

1st. 

800 

3/14/10 

100       " 

1  to  240.3 

J-2   hr. 

C 

1 

3rd. 

1150 

4/4/10 

120       " 

1  to  287.2 

^2      " 

D 

2 

2nd. 

800 

5/7/10 

140       " 

1  to  171.7 

H    " 

E 

1 

4th. 

1150 

5/20/10 

40       " 

1  to  861.8 

}4  and  1  hr. 

F 

3 

1st. 

1050 

5/24/10 

130       " 

1  to  244 . 2 

J-S  hr. 

G 

2 

3rd. 

800 

7/2/10 

20       " 

1  to  1202.0 

}i     " 

H 

1 

.5th. 

1150 

7/11   10 

20       " 

1  to  1724.0 

H    " 

I 

1313 

1st. 

1220 

9/23/10 

140       " 

1  to  264  .  5 

14    " 

J 

1313 

2nd. 

1220 

10/22/10 

140      " 

%     " 

K 

1313 

3rd. 

1220 

11/15/10 

33       " 

Ya.     " 

L 

To  test  the  uniformity  of  the  infectious  nature  of  horse  serum 
virus  a  series  of  IS  pigs  were  each  injected  willi  horse  serum 
obtained  after  y>  to  1  hour's  residence  of  the  hog  cholera  virus  in 
the  horse.  The  results  of  these  tests  are  given  in  Table  11  (cf. 
]).  :5(il»j. 

Table  II. 
Tests  of  Horse  Serum  Virus. 


No. 

Date 

Incubat. 

Material  injected 

Hog 

1910 

Period 

Results 

Autopsy 

A.  Yi  hr.  horse  ser. 

61 

1/4 

5  days 

Died  in  11  days 

Typical  lesions 

A.  idem 

64 

1/11 

5   " 

Died  in  1 1  days 

idem 

A.    " 

71 

2/8 

" 

Remained  well,  natural 
immune 

A.   1  hr.  horse  ser. 

63 

1/4 

6  days 

Severe  reaction,  recover- 
ed 
Died  in  10  days 

A.  idem 

110 

5/21 

7    " 

SliKht  lesions 

B.    V'l  hr.  horse  ser. 

72 

2/19 

6    " 

Died  in  13  days 

Typical  lesions 

B.  idem 

73 

2/19 

7    " 

Severe  reacli(jn,  recov- 
ered 

c.     •' 

87 

3/18 

5    " 

Died  in  13  days 

Tyi>ical  lesions 

('.       " 

88 

3/18 

5    " 

Died  in  27  days 

idem 

\).      " 

04 

4/6 

7    " 

Died  in  13  days 

" 

I).      " 

95 

4/.') 

6     " 

Died  in  13  days 

Sliuhl  lesions 

E.      " 

107 

5/11 

8    " 

Died  in  13  days 

idem 

F.       " 

109 

5/12 

6    " 

Died  in     0  days 

Typical  lesions 

(',. 

126 

6/18 

10    " 

Died  in  19  days 

idem 

(,. 

133 

6/28 

12     " 

Died  in  19  days 

" 

}■       " 

175 

9/23 

3     " 

Died  in  1 1  days 

" 

K.    '4  hr.  horse  ser. 

186 

10/24 

5    " 

Died  in  17  days 

" 

L.  idem 

106 

11/15 

4     " 

Severe  reaction,  died   27 
days  from  other  causes 

1)11.1  ri(t\  ())•■  iioi;  (  iiiii.i.KA  \iK'i  s  i\  \  I  ii<(). 

I'.y  wrigliiiig  liu-  liorsi-  uiidcT  obsrrx  alimi  and  fstimaliiig  the 
anioiint  of  i)l(»ii(i  ((iiitainctl  in  his  ixxly,  it  was  possible,  in  the 
case  of  cai'h  lot  of  horse  siTiiin  \  iiais.  lo  cslini.-ilc  l!ic  ibhilioii  ot 
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ho<^  cholera  serum  ///  t'/ty),  when  the  animal  receixed  intrave- 
nously a  given  quantity  of  the  virus.  In  order  to  determine,  if 
|)0ssible.  whether  or  not  the  horse  serum  virus  represented  mere 
dilulit)ns  of  the  original  hog  cholera  virus,  corresponding  dilu- 
tions were  made  in  normal  horse  blood  outside  the  body  of  the 
animal  and  in  physiological  salt  solution.  These  dilutions  were 
incubated  at  body  temperature  for  i/>  to  1  hour,  de])ending  upon 
the  period  of  residence  of  corresponding  dilutions  of  horse  serum 
virus.  These  tests  were  made  upon  hogs  in  a  similar  way  to 
those  conducted  with  the  corresponding  lots  of  horse  serum  virus. 
In  all  cases,  the  horse  serum  virus  and  corresponding  dilutions 
in  the  normal  horse  blood,  ///  z'ifro  and  in  physiological  salt  solu- 
tion, were  injected  in  approximate  doses  of  4  c.c.  per  5<)  pounds 
weight   (Tables  III  and  I\'). 


Table  III. 
Tests  of  Normal  Horse  Blood  Dilution,  in  vitro. 


In- 

Material 

No. 

Date 

cubation 

Results 

Autopsy 

injected 

Hog 

1910 

Period 

A.    yi  hr.  dil. 

68 

2/3 

12  days 

Died  in  20  days 

Slight  lesions 

A.  idem 

69 

2/5 

14     " 

Slight  reaction,  recovered 

B.      " 

79 

3/8 

8    " 

Slight  reaction,  recovered 

B.      " 

80 

3/8 

9     " 

Died  in  15  days  (Not  Hog 
Cholera) 

No  cholera 

C.      " 

99 

4/15 

9     " 

Slight  reaction,  recovered 

C.      " 

100 

4/15 

10    " 

Died  in  17  days 

Typical  lesions 

E.      " 

113 

5/27 

No  reaction 

F.      " 

132 

6/23 

18     " 

Died  in  21  days 

Slight  lesions 

G.      " 

134 

6/30 

No  reaction 

J.       " 

178 

10/5 

5    " 

Mild  reaction 

L.   H  hr.  dil. 

199 

11/29 

9     " 

Died  in  14  days 

Typical  lesions 

Table  IV. 

Tests  of  physiological  salt  dilutions. 


In- 

Material 

No. 

Date 

cubation 

Results 

Autopsy 

injected 

hog 

1910 

Period 

A.  2  hr.  dil. 

70 

2/5 

15  days 

Slight  reaction,  recovered 

B.  idem 

81 

3/8 

18    " 

Recovered 

B.   Vi  hr.  dil. 

75 

2/28 

14    " 

Died  in  22  days 

Slight  lesions 

C.  idem 

93 

3/28 

14     " 

Died  in  18  davs 

Typical  lesions 

D.      " 

108 

5/11 

8    " 

Died  in  10  days 

idem 

E.      " 

112 

5/26 

9    " 

Died  in  23  days 

" 

F.       " 

118 

6/8 

17     " 

Mild  reaction,  recovered 

G.      " 

131 

6/18 

18     " 

Died  in  23  days 

Slight  lesions 

J. 

176 

9/29 

7     " 

Died  in  10  days 

Typical  lesions 

L.    "i  hr.  dil. 

198 

11/29 

Temp, 
reac.  8  days 

No  clinical  reaction 
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The  results  of  the  completed  tests  of  hog  cholera  virus  diluted 
in  physiological  salt  solution  may  be  used  in  indicating  something 
as  to  the  minimum  fatal  dose  of  the  filterable  hog  cholera  virus 
(Table  V). 

Table  V. 

Attempted  determination  of  Minimum  Fatal  Dose  of  Hog  Cholera  Virus,  Dilution  Physi- 
ological Salt  Solution. 


Hog 

No. 

Date 
1910 

Virus 

obtained 

from 

Dilution  in 
physiol.  salt 

Approxi- 
mate 
amount 
injected 

In- 
cubation 
period 

Result 

Autopsy 

112 

5/26 

Hog    97 

1  c.  c.  virus 
172  c.c.  phy- 
siol. salt 

'/«  c.  C. 

9  days 

Died  in 
23  days 

Typical 
lesions 

131 

6/18 

"    105 

1  c.  c.  virus 
244  c.c.  phy- 
siol. salt 

■/6.         " 

18    " 

Died  in 
23  days 

Slight 
lesions 

176 

9/29 

" 

1  c.  c.  virus 
244  c.c.  phy- 
siol. salt 

■/«      " 

7    " 

Died  in 
19  days 

Typical 
lesions 

108 

5/11 

"  -89 

1  c.  c.  virus 
287  c.c.  phy- 
siol. salt 

■/;>      " 

8    " 

Died  in 
10  days 

idem 

93 

3/26 

"     72 

1  c.  c.  virus 
320  c.c.  phy- 
siol. salt 

■/..     " 

14    " 

Died  in 
18  days 

idem 

75 

2/28 

Hog   64 

1  c.  c.  virus 
344  c.c.  phy- 
siol. salt 

■/"   c.c. 

14  days 

Died  in 
22  days 

Slight 
lesions 

118 

6/8 

"      97 

1  c.  c.  virus 
802  c.c.  phy- 
siol. salt 

■/..5         " 

17    " 

Mild  reac- 
tion,recov. 

198 

11/29 

" 

1  c.  c.  virus 
1113  c.c.  phy- 
siol. salt 

'/.,.         " 

Temp. 

reaction 

8  days 

No  clini- 
cal react. 

136 

7/6 

"    122 

1  c.  c.  virus 
1202  c.c.  phy- 
siol. salt 

■A-     " 

No.  reac- 
tion 

138 

7/14 

"    122 

1  c.  c.  virus 
1724  c.c.  phy- 
siol. salt 

■/...         " 

id. 

TIr-  siniimari/.rd  rmilings  of  tlir  almxc  tests  (»t  hoisr  serum 
virus,  c()rres])onding  tlihitioiis  in  normal  horse  blood  and  curre- 
spoinliiig  dilutions  in  ph\  siological  '>al(  solution  ari-  arrange<l  in 
Table  \  1. 
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Table  VI. 
Summary,   Comparative  results  of  dilution  tests.      Manner  of  dilution  of  virus. 


Corresponding  dilu- 

Corresponding dilu- 

tions in  normal  horse 

tions  in  physiological 

Horse  serum 

blood  incubated  half 

salt    solution,    incu- 

virus 

hour  at  body  tem- 

bated     half     hour  at 

perature 

body  temperature 

No.  of  hogs  in  series 

18 

11 

10 

Average  incubation 

6.3  days 

10.3  days 

12.8  days 

period 

No.  of  hogs  recovered 

3  (severe  reac- 
tions) 

6 

4 

Percentage  of  hogs 

82.5% 

54 . 5% 

60% 

which  died 

Average  duration  of 

14.9  days 

17.4  days 

19.1  days 

disease 

General  character  of 

Acute 

Chronic  and  Slight 

More  chronic  and 

disease 

erratic 

General  character  of 

Good 

Slight,  not  marked 

Good 

lesions 

TOXIC  ACTION  OF  HOG   CHOLERA  VIRUS   UPON  THE    HORSE. 

The  amount  of  filterable  hog  cholera  virus  which  may  safely  be  injected 
into  the  horse  at  any  one  time,  is  usually  limited  to  about  150  c.c.  Each 
succeeding  experiment  appears  to  make  more  evident  the  fact  that  the  hog 
cholera  serum  causes  a  marked  toxic  action  on  the  horse.  While  ths 
symptoms  which  follow  the  injection  of  the  virus  are  similar  in  nature  to 
those  produced  by  the  intravenous  injection  of  normal  hog  serum,  yet  the 
former  are  much  more  pronounced.  These  symptoms  are  usually  charac- 
terized immediately  after  treatment  by  increased  painful  respiration  and 
accelerated  heart  action;  the  appearance  of  a  profuse,  clammy  sweat; 
active  peristalsis  and  rarely  epistaxis.  Approximately  Yi  hour  after  the 
injection,  the  heart  becomes  depressed,  the  pulse  sometimes  almost  obliter- 
ated, the  eye  dull  and  listless  and  conjunctiva  congested.  The  peristalsic 
usually  becomes  violent  and  frequent,  watery  evacuations  appear.  After 
one  to  two  hours,  especially  when  the  horse  is  relieved  of  a  quantity  of 
blood,  the  symptoms  gradually  subside  and  in  ten  hours  the  animal  may 
become  normal  in  condition,  with  the  exception  of  a  greater  or  less  degree 
of  exhaustion. 

The  injection  of  similar  quantities  of  normal  hog  serum  usually 
produces  slightly  accelerated  heart  action  and  respiration,  and 
rarely  marked  peristalsis  and  watery  evacuations.  The  symptoms 
are  much  less  pronounced  than  those  following  the  injection  of 
hog  cholera  serum  and  usually  disappear  in  a  short  time. 

In  addition  to  the  observations  following  the  injection  of  some 
ten  horses  with  hog  cholera  serum,  some  comparative  results 
have  been  obtained  relative  to  the  effects  of  hog  cholera  serum 
and  normal  hog  serum  upon  the  horse. 

One  animal  was  injected  first  with  140  c.c.  normal  hog  serum  and  19 
days  after  the  first  injection  the  animal  received  130  c.c.  of  hog  cholera 
serum.     To  eliminate  inaccurate  results  due  to  possible  sensitization  of  the 
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horse  to  the  foreign  serum  before  the  injection  of  the  virus,  another 
animal,  horse  Xo.  2,  was  injected  first  with  3  c.c.,  then  at  intervals  of  3,  10, 
4,  7,  6  and  8  days  with  b.  17.  30,  42.  68  and  75  c.c.  of  hog  cholera  serum, 
respectively.  Eleven  days  after  the  last  injection  of  75  c  c.  of  hog  cholera 
serum  this  horse  received  intrajugularly  85  c.c.  of  normal  hog  serum. 
The  clinical  symptoms  were  carefully  noted  after  each  of  the  above 
injections. 

At  the  present  time  two  horses  are  recei\iiig  parallel  treatments 
with  normal  and  hog  cholera  serum. 

The  summarized  results  of  the  above  comparative  tests  are 
presented  in  Tables  \  II  and  \TII. 


T.\BI.E    VII. 

Comparative  results  following  the  intrajugular  injection  of  the  Xormal  and  Hog  Cholera 

Serum. 


Horse 
No.   ' 

W(?t, 

Date 
1908 

Material 
i  njected 

Am't. 

Symptoms  noted  after  injection 

4 

1300 

7/31 

Normal 
Hog  Serum 

140  c.c. 

Symptoms  not  pronounced.   Heart 
respiration  slightly  accelerated 

4 

1300 

8/19 

Hog  Cholera 
Serum 

130      " 

Violent  symptoms.  10  watery 
evacuations  in  20  minutes. 
Decubitus. 

2 

1000 

7/3 

idem 

30      " 

No  symptoms 

2 

1000 

7   7 

t>      " 

'•            " 

2 

1000 

7    17 

17      " 

2 

1000 

7  21 

30     " 

Slight  symptoms 

2 

1000 

7/28 

42      •' 

Disturbed  heart  action,  resp. 

2 

1000 

8/3 

08      " 

Disturbed  heart  action,  resp.  and 
active  peristalsis  present 

2 

1000 

8   11 

7.5     " 

Violent  symptoms.     Copious  per- 
spiration,  symptoms   very   pro- 
nounced for  3  hours 

2 

1000 

8,22 

.Normal  Ilog 
Serum 

85     " 

Horse   eating   grass   5    min.    after 
treatment.     Symptoms  slight 

Table  VIII. 
Parallel  injection.  Hog  Cholera  Serum  and  Normal. 


Horse 

No. 

Wgt. 

Date 

Material 
injected 

.'\m't. 

Symptoms  noted  after  injection 

1313 

1220 

9  22 

Hog  Cholera 
Serum 

140  c.c. 

Marked  symptoms.  3  watery  evac- 
uations in  5  minutes 

1314 

870 

10  7 

Normal  Hog 

140     " 

Respiration  dist.  pronounced. 
Heart        slightly        accelerated. 

Scrum 

Horse   broke  loose,   fell   and   be- 

came fastened   in  stocks.      Ner- 

vousness   miidified    the    results. 

No  abnormal  defecations. 

1313 

1220 

10  22 

Hog  Cholera 
Serum 

140     *• 

Very  pronounced.  Restoratives 
necessary 

1314 

870 

U    15 

Normal  Hog 
Serum 

140     " 

Similar  but  loss  marked  respira- 
tory changes  than  preceding 

1313 

1220 

11,  15 

Virus 

33      " 

Accelerated  heart  resp.  increased 

1314 

870 

11,  2« 

Normal 
.Serum 

33      •' 

Slight  symptoms  which  subsided 
in  10  minutes. 
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CHANGES  IN  THE  BLOOD  OF  THE   HORSE  FOLLOWIN(;  THE  INJECTION 
OF   HOG  CHOLERA  VIRUS. 

A  study  of  the  blood  of  the  horse  before  and  after  injection 
with  hog  cholera  virus  (Tables  IX  and  X)  shows  a  decrease  of 
red  corpuscles  and  a  marked  leucocytosis.  The  specific  gravity 
of  the  blood  is  also  decreased  after  the  injection. 

From  the  very  limited  array  of  results  (Table  XI)  it  is  indi- 
cated that  the  blood  changes  are  less  pronounced  after  the  injec- 
tion of  Normal  Hog  Serum  as  compared  with  those  after  the 
injection  of  Hog  Cholera  Serum. 

Table  IX. 

Comparative  average  Results  from  Study  of  the  Blood,  Horse  1,  before  and    after  three 
intravenous  injections  with  virus. 


Before 
Injection 


After 
Injection 


No.  erythrocytes 

No.  leucocytes 

Per  cent  lymphocytes 

Per  cent  large  mononuclears 

Per  cent  polynuclears 

Per  cent  eosinophiles 

Per  cent  transitional  forms 

Per  cent  mast  cells 

Per  cent  hemoglobin 

Specific  gravity 

Time  of  coagulation 


7  460  000 

6  204  000 

11  440 

16   150 

41.2 

49.2 

2.5     . 

0.9 

49.3 

44.2 

8.1 

5.0 

0.65 

— 

0.12 

0.2 

87.0 

84.0 

1060.0 

1056.0 

3  min.  10  sec. 

3  min.  8  sec 

T.\BLE    X. 

Comparative  Average  Results  from  Study  of  the  blood,  Horse  2,  before  and  after  two  intra- 
venous   injections    with    virus 


Before 

After 

Injection 

Injection 

No.  erythrocytes 

8  450  000 

6  750  000 

No.  leucocytes 

11  075 

15  300 

Per  cent  lymphocvtes 

51.8 

38.6 

Per  cent  large  mononuclears 

2.2 

1.9 

Per  cent  polynuclears 

42.9 

53.0 

Per  cent  eosinophiles 

3.4 

5.4 

Per  cent  transitional  forms 

0.5 

0.4 

Per  cent  mast  cells 

0.27 

0.6 

Per  cent  hemoglobin 

95.0 

89.0 

Specific  gravity 

1060.0 

1057.0 

Time  of  coagulation 

3  min.  23  sec. 

3  min.  10  sec. 
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Table  XI. 

Comparative  average  results  from  the  study  of  the  blood  of  horse  1313  and  horse  1314  before 
and  ]^  to  %  hours  after  the  second  intravenous  injection  of  each  with  like  volumes  of  hog 
cholera  serum  and  normal  hog  serum,  respectively. 


Hog  Cholera  Serum 

Normal  Hog  Serum 

Horse 

1313 

Horse  1314 

Before  inj. 

After 

Before 

After 

No.  erythrocytes 

5  000  000 

3  000  000 

5  000  000 

5  036  000 

N'o.  leucocytes 

14  000 

10  000 

9  000 

10  500 

Per  cent  Ivmphocytes 

50.3 

53.4 

41.3 

67.0 

Per  cent  large  mononuclears 

0.7 

1.2 

2.8 

2.1 

Per  cent  polynuclears 

42.8 

42.0 

49.0 

26.4 

Per  cent  eosinophiles 

3.8 

3.0 

6.7 

4.3 

Per  cent  transitional  forms 

0.4 

0.1 

0 

0 

Per  cent  mast  cells 

0 

0 

0 

0 

Per  cent  hemoglobin 

95.0 

85.0 

95.0 

95.0 

Specific  gravity 

1060.0 

1056.0 

1060.0 

1058.0 

Time  of  9oagulation 

2  min.  40  sec. 

3  min. 

2  min. 

4  min. 

A  residence  of  hoj;  cholera  \irus  in  the  blood  of  llic  horse  for 
a  period  of  '  _>  to  1  hour  appears  to  cause  an  acli\alion  of  the 
virus  for  the  following  reasons : 

(1)  In  a  series  of  18  pigs.  y>  to  1  hour  horse  serum  virus 
produced  death  in  S-^.j  per  cent  of  the  animals,  w  iih  an  average 
incubation  period  of  (i.3  days  and  an  average  period  of  duration 
of  the  disease  of  14.9  days.  In  comparison  with  the  above,  cor- 
responding dilutions  with  the  same  lots  of  \  irus  in  normal  horse 
blood  in  vitro,  and  in  sterile  i)hysiological  salt  solution,  in  series 
of  11  and  10  pigs,  respectively,  produced  dealh  in  ."il.-l  and  GO 
per  cent  of  the  animals,  with  average  incubation  periods  ot  10.3 
and  l^.H  days  and  average  disease  durations  of  i^.l  and  T.t.l 
days,  rcspectivel\-. 

(2)  Horse  serum  \irus,  when  injected  into  the  healthy  hog, 
ahuost  invariably  produces  symptom'-  after  ,i  rclalixely  short 
incubation  ])eriod,  as  com])ared  with  the  injection  into  the  healthy 
hog  of  a  similar  (|uantil\-  of  the  s.aiiu'  dilution  of  \  irus  in  normal 
horse  blood,  ;//  7';7rr;,  ph\  siologii-al  salt  solution  or  vxcn  the  undi- 
luted  original    hog  (hoUr.i    serum. 

(  ;;  )  The  minimum  fatal  do^i'  of  \iruleiit  serum,  as  re])re- 
sentcd  by  a  dilution  of  the  \  irus  in  ])liysiological  salt  solution, 
does  not  appear  to  in<li(att'  the  minimum  fatal  dose  when  the 
dilution  is  maintained  in  the  form  of  horse  serum  \irus. 
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(4)  Hog  cholera  serum  injected  intravenously  into  horses 
causes  more  pronounced  toxic  symptoms  than  do  similar  treat- 
ments with  normal  hog  serum. 

(5)  The  changes  in  the  blood  of  the  horse  following  the  in- 
jection of  hog  cholera  serum  are  possibly  greater  than  those 
resulting  from  the  injection  of  normal  hog  serum. 

Very  little  can  be  offered  relative  to  the  definite  action  upon 
the  virus,  as  evidenced  by  this  phenomenon  of  so-called  activa- 
tion. No  satisfactory  explanation  can  be  given  until  we  under- 
stand more  thoroughly  the  nature  of  the  filterable  virus  of  hog 
cholera.  The  period  of  residence  of  hog  cholera  serum  in  the 
circulatory  system  of  the  horse  necessary  to  cause  this  so-called 
activation  of  the  virus  is  relatively  short  in  duration.  Because 
of  this  it  seems  improbable  that  the  process  involves  a  multipli- 
cation of  the  theoretical,  invisible  organisms.  If  it  is  assumed 
that  the  activation  does  not  materially  involve  the  living  infec- 
tious agent,  then  it  appears  logical  to  ask  whether  this  phenom- 
enon can  be  associated  with  possible  toxin  constituents  of  the 
filterable  virus. 
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ON  THE  CULTIVATION  OF  THE  TREPONEMA 
PALLIDUM   (SPIROCHAETA  PALLIDA).* 

F.  W.  Baeslack, 

(From  the  Research  Laboratory,  Parke,   Davis  &■  Co.,  Detroit,  Mich.) 

Attempts  to  cultivate  the  treponeiiia  pallidum  in  artificial  media 
followed  closely  on  the  discovery  that  this  organism  is  the  cause 
of  syphilis.  A^olpino  and  Fontana^  reported  in  190(3  on  the  culti- 
vation of  the  organism  in  serum-agar.  The  observations  of 
Volpino  and  Fontana  were  corroborated  by  Schereschewsky-  in 
1909.  By  inserting  deep  into  coagulated  horse  serum  small  pieces 
of  human  tissue  from  syphilitic  lesions,  he  obtained  impure  cul- 
tures. The  horse  serum  was  liquefied  around  the  tissue,  and  in 
this  he  was  able  to  find  the  spirochetes.  These  cultures  he  was 
able  to  transfer.  Muhlens,^  in  1910,  made  use  of  the  same 
medium,  as  did  also  Hofifmann,^  in  1911,  and  both  were  able  to 
obtain  cultures  of  the  organism.  These  cultures  also  were  con- 
taminated with  bacteria  introduced  with  the  tissue  used  for  start- 
ing the  cultures.  For  the  purpose  of  purifying  these  cultures 
they  employed  serum-agar.  The  attempts  of  these  investigators 
to  produce  syphilitic  lesions  through  the  injection  of  cultivated 
spirochaetes  failed  for  a  time,  probably  because  the  dose  employed 
was  too  small.  Both  Schereschewsky  and  Miihlens  concluded 
that  the  strains  which  they  had  cultivated  were  non-pathogenic. 

Briickner  and  Galasesco'  in  1910,  as  well  as  Sowade"  in  1911, 
claimed  to  have  succeeded  in  producing  syphilitic  lesions  in  rab- 
bits by  the  injection  of  large  quantities  of  impure  cultures  grown 
on  coagulated  horse  serum  and  ascitic  fluid  media  still  containing 
the  original  syphilitic  tissue.  The  failure  to  grow  again  the  spiro- 
chaetes from  the  testicular  lesions  produced  lays  the  results 
claimed  by  these  investigators  somewhat  open  to  question. 


*Received  for  publication  November  14.  1912.  Read  before  the  Detroit  .Academy 
of  Medicine,  November  12,  1912,  and  befoie  the  Detroit  Medical  Club,  November 
21,  1912. 

^  Deittsch.   med.    Wchnschr.,    1909,    35,   p.    S35. 

"  Ibid.,   p.   12(>0. 

^Ibid.,  p.   12G1:    Klin.    Jarb..    1910,    23,    p.    339. 

*  Zeitsch.   f.    Hyg.    u.    Infckt.,  1911,   68,    p.    27. 

^Compt.  rend    sac    d.  Biol.,  1910,  68,  p.  684. 

"  Deutsch.  med.   IVchitschr.,  1911,  37,  p.  682. 
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Noguchi'  in  1911  published  a  method  for  the  pure  cuhivation 
of  pathogenic  treponema  palHduni.  Instead  of  attempting  to 
obtain  a  pure  culture  of  the  organism  through  cultivation  in  arti- 
ficial media,  he  first  transplanted  the  human  syphilitic  tissue  into 
the  testicles  of  rabbits.  This  procedure,  if  carefully  done,  so  as  to 
avoid  accidental  contamination,  will  in  a  few  passages  through 
rabbits  clear  the  strain  of  spirochsetes  from  the  accompanying 
infection  so  that  in  a  comparatively  short  time  lesions  may  be 
produced  in  rabbits  which  contain  the  organisms  in  pure  form. 
These  Xoguchi  used  for  cultivation  experiments.  After  many 
unsuccessful  attempts  with  various  media  he  found  that  inacti- 
vated serum-water  was  most  suitable  for  the  purpose.  In  order 
to  obtain  strict  anaerobiosis  he  placed  a  small  piece  of  normal 
rabbit's  tissue,  either  kidney  or  testis,  at  the  bottom  of  the 
medium.  lie  found  it  necessary  to  place  the  culture  under  hydro- 
gen with  pyrogallic  acid  and  potassium  hydroxid.  The  spiro- 
chaetes  thus  grown  could  be  gradually  transferred  to  solid  media, 
i.e.,  ascitic-agar  plus  tissue.  These  cultures  were  pathogenic  for 
rabbits.  This  announcement  of  the  successful  inoculation  of  rab- 
bits with  the  tre])(jncma  pallidum  grown  in  culture  was  followed, 
within  a  month,  by  that  of  Hoffmann''  and  .^chcreschewsky,''  who 
had  succeeded  also  in  producing  syphilitic  lesions  in  rablnts 
through  the  injection  of  pure  cultures  of  this  organism. 

Since  then  numerous  investigators  have  taken  up  ilie  cuUi\a- 
tion  and  stud\-  of  the-  lre])C)nenia  jtallidum.  Aside  from  those 
already  mentioned,  l.euriaux:  el  \.  tleets.'"  Tomasczewski.'^ 
Sowade,^-  Arnheim,^"'  and  others  ha\e  succeeded  in  growing  this 
organism. 

fn  this  country  Xoguchi  seems  to  be  llie  only  iiu cstigator  who 
has  reported  on  the  culti\ation  of  the  lrei)inKina  iialliduni.  The 
reason  for  this  lack  of  confirmatory  work  may  lie  in  the  rather 
dinicult  method  which  he  uses. 

The  inefjia  describtwl  b\  .Xoguchi  as  most  suitable  for  the  lulli- 
\alion    of    the    trepoiu-ma    ]ialliilum    ofk-r    nian\     (liriicnhics    and 

''Jour.     Ii.rper.     Med.,     UUl.     2,     14,     p.     90;     Miinchcit.     mcd.     tl'fliii.tclir.,     ]!)ll, 
29,  p.    I.ISO. 

•  M^M.tc/ieii.    diutich.   mcd.    ll'cliixriir.,    11(11,  .14.  p.    I.-)4f). 
0  Ihid.,    litll,   :{!l.    p.    179S;    ihid.,    1012,    28,    p.    I.IHO. 
^"Ccttlrnlhl.    f.    nnht.,    1012.    (11,   p.    ft84. 
"  licrl.   klin.    1^'chn.uli,..    1012,   17,   l>.   702. 
I' Dciiluh.    mcd.    ll'clinsclir..   1012,   17,   p.    707. 
'»  Ihid..    1012.    20.    p.    034. 
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demand  extraordinar}-  care.  The  solid  media  have  to  be  prepared 
fresh  for  each  transplantation,  for  it  is  necessary  that  the  tissue, 
placed  in  the  bottom  of  the  tube,  be  fresh.  Furthermore,  the  use 
of  neutral  oil  on  the  top  of  the  media  increases  the  difficulty  of 
making  examinations  from  time  to  time.  Xoguchi  also  pointed 
out  that  not  all  lots  of  ascitic  fluid  are  suitable  for  the  ascitic-agar. 
Having  tried  many  without  success,  until  I  finally  found  one,  I 
faced  the  same  difficulty  again  after  that  was  used  up.  For  these 
reasons  it  seemed  worth  while  to  test  also  the  methods  used  by 
other  investigators,  since  these  methods  are  simpler  and  the  ma- 
terials used  for  the  making  of  the  media  more  constant  and  easier 
to  obtain. 

Probably  the  fact  that  the  investigators  a])road  started  their 
cultures  directly  from  the  s}'philitic  lesion  of  man,  whereas 
Noguchi  at  first  made  use  of  material  obtained  by  passing  the 
treponema  pallidum  through  rabbits,  brought  about  a  divergence 
in  the  interpretation  of  the  cultural  characteristics  of  this  organ- 
ism and  cast  doubt  upon  the  genuineness  of  the  cultures  in  the 
possession  of  some  of  the  investigators.  Thus  Xoguchi  maintains 
that  the  following  conditions  are  essential  to  the  growth  of  the 
treponema  pallidum:  (1)  the  presence  of  suitable  fresh  sterile 
tissue  in  serum-water,  (2)  strict  anaerobiosis,  (3)  a  slightly  alka- 
line reaction  as  furnished  by  the  serum  and  tissue,  and  (4)  a 
temperature  of  about  35°  to  37°  C.  Noguchi  further  states:  "The 
presence  of  agar  or  gelatin  seems  to  interfere  with  the  successful 
growth  of  the  first  generation  of  the  spirochasta."  Arnheim, 
cultivating  the  treponema  pallidum  directly  from  the  human  syph- 
ilitic lesion,  plants  his  material  into  serum-agar  without  tissue. 
Nakano^*  cultivates  the  treponema  pallidum  in  sterile  horse  serum 
without  the  addition  of  tissue  and  the  strict  anaerobiosis,  using  a 
rubber  stopper  only  to  exclude  air.  Schereschewsky  and  Sowade 
make  use  of  the  same  technic  as  Arnheim.  Their  cultures  were 
obtained  without  the  addition  of  sterile  tissue,  or  strict  anaerobio- 
sis. Furthermore,  Schereschewsky^^  observed  that  the  treponema 
pallidum  will  grow  well  at  a  temperature  of  40°  C.  It  is  also 
interesting  to  note  that  Noguchi  has  been  able  to  grow  the 
treponema  pallidum  without  the  hydrogen.  sim])ly  ])lacing  a  layer 


^*  Deiitsch.  mcd.   Wchnschr.,   1012,   2S,  p.   1334. 
^'Ibid.,  1912,  28,  p.  133.5. 


of  sterile  neutral  oil  on  top  of  his  media.  This  diversity  of  con- 
ditions under  which  these  cultures  of  the  treponema  pallidum 
were  grown  may  be  due  to  the  fact  that  on  the  one  hand  the  cul- 
tures were  started  from  material  which  has  been  purified  by  the 
passage  through  ralil)its.  while  on  the  other  hand  the  cultures 
were  obtained  directly  from  human  lesions  rich  in  the  trci)onema. 

My  attempts  to  cultivate  this  organism  were  begun  in  the  fall 
of  1911,  and  efforts  were  first  directed  to  the  inoculation  of  rab- 
bits in  order  to  obtain  material  rich  in  the  treponema  and  possibly 
sufficiently  pure  from  banal  l)acteria  to  attempt  cultivation.  The 
unpleasant  odor  of  the  cultures,  as  well  as  the  lic|uefaction  of  the 
culture  medium,  described  as  characteristic  of  the  treponema 
culture  by  some  of  the  earlier  investigators,  seemed  to  me  to  be 
due  to  the  concurrent  infection  and  not  due  to  the  treponema 
pallidum.  Another  reason  why  I  transplanted  first  into  rabbits 
before  attempting  to  inoculate  culture  media,  was  the  fact  that 
the  opportunity  for  obtaining  syphilitic  tissue  containing  the 
treponema  is  relati\ely  limited.  It  was  necessary  to  use  the 
serum  which  was  drawn  from  the  i)rimary  sore  by  means  of  a 
specially  devised  cup  and  suction  pump.  The  small  amount  of 
serum  thus  obtained  was  employed  for  diagnostic  purposes  as 
well  as  for  the  inoculation  of  rabbits. 

The  apjjaratus  for  obtaining  the  serum  consists  of  a  test  tube 
drawn  to  a  fine  point,  with  a  side  arm  for  the  attachment  of  the 
rubber  tube,  which  in  turn  is  connected  to  a  small  suction  pmnji. 
The  tube  has  a  fairly  large  li]),  which  allows  it  to  lit  snugly  on  the 
tissue  surrounding  the  primary  lesion.  I  use  cupping  tubes  vary- 
ing in  diameter  to  accommodate  chancres  of  dillcrent  sizes.  The 
pump  is  manipulated  I)y  means  of  a  crank  and  has  a  screw  on  its 
lower  end.  which  when  loosened  will  allow  ;iir  to  enter.  This 
permits  of  releasing  the  \acnuiii  m  the  tupping  tube,  and  does 
away  witii  an\-  pain  wliiili  the  renio\al  of   llie  lube  might  cause 

(Fig.   1). 

'{"lie  inotulalii.n  nf  llir  rabbit  is  made  with  a  glass  hypodrrmic 
syringe  in  such  a  way  that  a  small  depot  of  the  Nernm  is  created 
in  the  testicle  of  the  rabbit.  With  this  method  I  lia\e  obtained 
two  strains  of  the  treponem.a  |)alliilnin.  Tlir  pnind  nf  imubalion 
following  the  injection  of  siinm  is  from  eight  to  l(.n  \\i(.ks.  The 
lesions  ])roduced  at  thai  lime  were  the  size  of  a  pea  and  i-ontained 
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in  l)oth  instances  numerous  actively  motile  spirocli.'ctes.  Since 
then  I  have  succeeded  in  growing  four  strains  of  the  treponema 
pallidum.  Of  these  strains,  the  first,  second,  and  fourth  were 
obtained  through  the  implantation  of  small  pieces  of  genital 
chancre  tissue  into  the  testicles  of  rabbits,  the  third  strain  was 
obtained  l^y  the  injection  into  the  testicle  of  a  ral)])it  of  a  small 


1?^ 


Fig.  1. — Apparatus    for   obtaining   serum. 


quantity  of  serum  from  another  initial  lesion.  The  first  strain 
obtained  by  the  injection  of  serum  obtained  by  cupping  was  lost, 
because  the  rabbits  inoculated  in  the  second  generation  died  of  an 
intercurrent  infection.  Strains  one  and  two  were  grown  from 
material  supplied  by  Dr.  F.  M.  Hartsock,  whose  generous  assist- 
ance at  this  stage  of  the  work  I  gratefully  acknowledge. 

The  transplantations  from  rabbit  to  rabbit  are  carried  out  as 
follows :  A  ral)bit  with  a  good-sized  unbroken  testicular  lesion  is 
anesthetized ;  the  lower  portion  of  the  abdomen  as  well  as  the 
scrotal  region  is  shaved  and  sterilized  with  germicidal  soap  and 
alcohol.  The  rabbit  is  covered,  except  the  field  of  oi)eration.  The 
testicle  is  then  rcmo\ed  under  aseptic  precautions  and  placed  in  a 
petri  dish,  which  is  kept  warm.  To  prevent  drying,  a  few  drops 
of  sterile  broth  are  added.  When  the  operation  is  completed  the 
testis  is  cut  open  and  the  white  glistening  gumma  is  cut  free  from 
the  unaffected  part  of  the  testis  and  placed  in  another  petri  dish 
containing  a  small  amcnnit  of  broth.  The  gumma  is  then  cut  into 
small  pieces,  and  a  small  cjuantity  of  the  tissue  scrai)ing  is  exam- 


ined  under  the  dark  field  to  determine  the  presence  of  the 
treponema  i)alHdum.  A  few  smears  are  stained  with  methylene 
blue  to  determine  whether  the  tissue  to  l)e  used  is  free  from  other 
organisms.  To  make  doubly  sure  tubes  of  plain  broth  and  agar 
are  inoculated.  The  rabbits  are  then  inoculated  by  means  of  a 
small  trocar.  The  inoculation  with  the  trocar  has  proven  more 
successful  than  the  injection  of  ground-up  tissue.  The  organisms 
are  not  injured  to  such  an  extent  when  solid  pieces  are  introduced 
as  when  the  material  is  subjected  to  a  process  of  grinding  and 
admixing  with  a  diluent.  (1  also  wish  to  express  my  thanks  to 
Drs.  Keene,  A'arney,  and  W'ollenberg  for  aiding  me  in  obtaining 
material  for  this  work.)  The  area  of  inoculation  is  cleaned  with 
TO  per  cent  alcohol  and  the  instruments  are  boiled  for  the  inocu- 
lations of  each  rabbit.  This  procedure  has  the  two  advantages 
which  Xoguchi  has  pc^inted  out :  ( 1 )  it  enables  one  to  obtain  large 
([uantities  of  spirochste-containing  material  at  almost  any  time ; 
(2)  the  spiroch?etes  are  freed  from  concurrent  microorganisms. 

The  lesions  observed  in  rabbits  \ary  considerably  in  severity, 
general  appearance,  and  location.  The  most  common  lesion  ob- 
served in  my  work  of  transplantation  of  sy])hilitic  tissue  in  ral)bits 
is  a  syphilitic  orchitis,  which  affects  part  of  the  testis  only.  The 
scrotum  shows  no  ulceration  or  lesion  or  orchitis.  The  testis  is 
of  uniform  consistencv,  except  the  portion  inxoUcd  by  the  cir- 
cumscribed gumiua.  I'he  lesion  is  ])ure  glistening  white.  The 
fluid,  which  adheres  to  the  knife  on  cutting  into  the  lesion,  is  of  a 
stringy  mucoid  character,  and  contains  numerous  spirochaetes. 
Such  an  orchitis  may  in\olvc  the  entire  testis.  The  testicle  in- 
volved  is  considerabK    larger  than   normal. 

The  second  form  of  syphilitic  lesion  ajjjjcars  in  the  form  of 
small  nodules  or  thickenings,  which  are  situated  in  the  tunica. 
This  form  of  lesion  ma\-  be  circuniM-ribed  or  it  may  inxobe  .almost 
the  entire  tunica.  The  testis  in  this  case  ap[)ears  small.  Ihese 
nocjules  and  thickenings  contain  mnnerous  spirocha'tes. 

'I'he  third  f<irm  i>  the  ulcer.  'Ihis  varies  in  size  from  a  few 
millimeters  to  a  centimeter  and  e\en  more  in  diameter.  The 
edges  are  indurated  and  the  ulcer  has  the  characteristic  jjunihcd- 
out  appearance.  In  this  form  the  s|)ir()cha'tcs  may  be  foniid  in 
the  indnrated  ;irea  .iround  the  ulcer.  'J'he  size  of  tlu'  testis  is 
usurdh    not  affected  by  llii>  form  of  sy])hilitic  lesion. 
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Fig.   2. — Syphilitic  orchitis  in   a  rabbit,   fifth  generation  of  strain  one. 


Fig.   3. — The   testes   of   the  same  rabbit.     The   lesions  may   be   recognized   as   white 
jjrotrucling    masses. 


Fig.   4. — Tfsticuiar  lesion  of  the  rabbit,  impregnate.!   witi.  .^iUir.   according  to  Levaditi 
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These  varieties  of  lesions  are  possil)ly  due  to  the  lechnic  of 
inoculation,  since  the  tissue  frequently  adheres  to  the  trocar,  is 
pulled  out  toward  the  scrotum,  and  so  is  lodged  in  the  tunica,  or 
scrotal  skin.  The  forms  descrihed  are  localized  conditions,  which 
in  rabbits  tend  to  heal.  We  have  never  observed  generalized 
syphilis  nor  any  secondary  manifestations. 

Soon  after  the  strains  1  and  2  had  been  passed  through  rabbits 
a  number  of  times,  attempts  were  made  to  cultivate  the  organism. 
The  cultivation  of  the  treponema  pallidum  demands  i)atience 
until  a  difficult  technic  is  fairly  well  mastered.  It  is  intended  to 
describe  the  methods  employed  in  detail  so  that  any  one  having 
the  necessary  laboratory  facilities  may  grow  the  organism. 

The  i)lan  followed  in  my  experiments  has  been  to  determine 
whether  the  trejionema  pallidum  can  be  grown  l)oth  according  to 
the  methods  of  Scherescliewsky,  Aluhlens.  IIoiTniann,  and  accord- 
ing to  the  method  described  by  Xoguchi,  thus  reconciling  the  con- 
tradictory views  regarding  the  genuineness  of  the  cultures  claimed 
by  some  of  the  investigators. 

The  media  employed  by  Miihlens  and  Hoffmann  are  coagu- 
lated horse  serum  and  serum-agar.  Sterile  test  tubes  are  hlled 
with  fresh  horse  serum  free  from  any  ]ireser\ative,  and  these 
are  sterilized  in  a  waU-r  batli  for  one  liour  at  (id-  C.  for  three 
successive  da\s.  ( )n  the  third  day  the  tcni])eralure  is  allowed  to 
rise  gradually  to  70'^  C.  'i"he  horse  serum  w  ill  bccdUK'  of  a  jelly- 
like  consistency  and  will  ln'  iranspareni.  AbdUt  oncdialf  the  tubes 
are  removed  from  the  water  bath,  w  hen  the  serum  enUnnn  will  not 
flow  if  the  tube  is  held  in  a  hori/dutal  iKisilinii.  This  soft  horse 
serum  medium  is  then  plaet'd  in  the  incubator  tor  three  da\s,  and 
when  found  sterile  the  tubes  are  ca])ped  to  ]>re\ent  e\  ai)oration."'' 
The  remainder  of  the  tubes  are  allowed  to  rt\'nh  a  tirmer  con- 
sistency without.  howe\er,  losing  the  transparency.  This  set  of 
media  is  also  tested  for  sterility,  and  then  ea])ped.  The  first  lot 
of  tubes  are  used  for  the  initial  stej)  of  cultixaling  the  treiionema 
])allidnni.  fhe  growth  of  this  organism  is  ofttu  liindeied  it  too 
dense  media  are  employed. 

The  horse  serum  used  for  the  serum  agar  is  piU  into  sterile 
test  tubes,  so  that   the  tube  i-  about  one  third   lilled.     TIk'  serum 


"The   horse    serum    im-'liiim    iimlorKrics    ii;irli;il    autnl.vsis    (liiritiR    tliis    time    and    is 
prcfcral)lc  to  horsi-  serum  imi   iiirtilialcii. 
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Fig.  5. — Cover  glass  smear  from  testicular  lesion  of  a  rabbit  stained  with  Giemsa's  method. 


Fig.    6. — Treponema   pallidum    from    a   culture.      An   india   ink   preparation. 
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Fig.   7. — Treponema  pallidum  from  a  culture.     Giemsa  stain. 
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is  then  sterilized  by  placing  it  in  a  water  bath  for  one  hour  at 
55°  C.  for  three  successive  clays.  A  3  per  cent  agar  containing 
0.5  per  cent  glucose  is  then  melted,  and  when  cooled  to  50°  C. 
the  tubes  containing  the  heated  serum  are  filled  with  melted  agar 
equal  to  the  amount  of  serum  they  already  contain.  It  is  ad\an- 
tageous  to  have  sufficient  assistance  so  that  the  tubes  can  be  rolled 
to  mix  the  agar  and  serum  thoroughly.  While  the  serum-agar  in 
the  test  tubes  is  still  liquid,  the  tubes  are  placed  again  in  the  water 
bath  at  55°  C,  which  permits  the  media  to  clear.  This  requires 
about  two  hours.  The  medium  will  then  be  of  a  clear  golden 
color  and  may  be  permitted  to  harden.  The  test  tubes  used  are 
from  13  to  15  cm.  in  length.  The  serum-water  plus  tissue  medium, 
as  well  as  the  ascitic  agar  i)ltis  tissue  medium  used  by  Xogtichi, 
is  placed  into  tubes  20  cm.  high.  Such  tubes  are  too  long  for  the 
(ordinary  desiccators  in  laboratory  use.  To  overcome  this  difficulty 
I  ha\  e  made  use  of  large  graduates  with  glass  stoppers,  with  the 
mouth  large  enough  to  permit  the  passage  of  a  large  test  tube.  A 
rubber  stoi)per  with  two  holes  is  used  instead  of  the  glass  stopper, 
and  two  glass  stop-cocks  are  passed  through  the  holes  of  the  rub- 
ber stopper.  The  pyrogallic  acid  is  first  i)laced  in  the  graduate, 
tlien  the  inoctilaled  tubes,  and  after  that  the  rubber  stoi)per  with 
one  of  the  glass  cocks  in  place.  To  this  glass  cock  is  attached  a 
rubber  tubing  long  enough  to  reach  to  the  bottom  of  the  graduate. 
The  second  glass  cock  is  then  pushed  through  the  rubber  stopper. 
This  causes  the  stopper  to  fit  tightly.  The  same  process  is  fol- 
lowed when  desiccators  are  used  for  the  cultivation  of  the  trepo- 
nema  ])allidum  in  coagulated  horse  serum  and  sertim-agar  mc<lia. 
Although  Xoguchi  found  it  necessary  to  begin  the  t-ulli\  alion 
of  the  treponema  pallidum  in  heated  horse  serum  plus  tissue,  the 
organism  can  be  grown  in  coagulated  horse  serum,  either  by 
inserting  a  small  piece  of  tissue  coiUaining  llie  organisms,  or  by 
grinding  uj)  the  tissue,  diluting  it  with  broth,  and  making  inocu- 
latitjns  into  this  medium  by  means  of  a  capillary  pipette.  To 
inoculate  with  tissue  it  is  best  to  use  it  in  a^  fresh  condition  as 
jjossible.  'ihe  tissue  is  di\  ided  into  small  pieces  the  size  of  a  s\)\\{ 
pea.  With  a  sterile  i)latimnn  wire  the  tissue  is  ])laced  deep  in  liie 
lui'dium  between  the  wall  of  the  tubi'  and  the  nuijiuni.  Tlir  intro- 
duction of  air  bubbles  nuist  be  avoided.  The  consistency  of  the 
me(Ha  permits  this  method  of  inoculation  without  tearing.     It  has 
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not  been  found  necessary  to  place  neutral  oil  tjn  the  surface  of  the 
media.  The  inoculated  tubes  are  placed  in  a  desiccator  containing 
pyrogallic  acid,  and  the  desiccator  is  then  exhausted  and  hydrogen 
passed  through  it  until  a  test  tube  held  to  the  outlet  tube  contains 
hydrogen.  Suction  is  again  applied  to  produce  a  vacuum  in  the 
desiccator  and  a  strong  solution  of  potassium  hydroxid  is  run  in 
through  the  outlet  tube. 

The  alkaline  pyrogallol  solution  is  used  in  such  proportion  that 
one  volume  of  a  23  per  cent  aqueous  solution  of  pyrogallol  is 
mixed  with  five  or  six  times  as  much  potassium  hydroxid  solution 
(3  :2).  At  a  temperature  of  15°  C.  or  higher  the  oxygen  is  quickly 
absorbed  and  a  pyrogallol  solution  of  the  above  concentration  will 
not  evolve  carbon  monoxid  during  the  absorption.^' 

Some  investigators  use  rubber  stoppers  and  dispense  with  the 
hydrogen,  pyrogallic  acid,  and  potassium  hydroxid.  The  method 
employed  by  myself  has  seemed  preferable  because  the  surface  of 
the  cultures  will  be  found  entirely  sterile,  since  the  cotton  plugs 
can  be  flamed,  and  on  subsequent  examination  of  the  cultures  one 
can  obtain  the  media  containing  the  spiroch?etes  near  the  tissue, 
or  liquid  inoculated  by  means  of  a  sterile  pipette.  The  cultures 
should  be  examined  about  one  week  after  inoculation,  when  one 
will  find  numerous  characteristically  motile  spirocluetes  if  the 
inoculation  has  been  successful.  The  work  requires  perseverance, 
and  not  all  strains  of  the  treponema  pallidum  will  lend  themselves 
to  cultivation. 

The  pipette  used  is  about  25  cm.  long,  drawn  out,  the  upper  end 
of  such  diameter  that  the  rul:)ber  nipple  will  fit  snugly.  The  lower 
end  of  the  pipette  is  sealed  and  a  hole  is  blown  into  it  on  the  side, 
close  to  the  lower  end.  This  arrangement  will  prevent  the  media 
from  rising  into  the  lumen  of  the  pipette  when  inoculations  are 
made,  or  when  it  is  desired  to  remove  some  of  the  culture  for 
examination   (Fig.  8). 

The  growing  treponema  pallidum  may  be  observed  to  radiate 
from  the  tissue  implanted  in  the  coagulated  horse  serum  in  the 
form  of  a  very  faint  cloud.  The  colonies  are  not  sharply  defined, 
nor  distinct  in  their  outline.  The  object  of  implanting  the  tissue 
near  the  wall  of  the  test  tube  is  to  permit  the  growing  treponema 
to  penetrate  into  the  medium,    'i'hus  one  is  enabled  to  obtain  pure 


1'  Treadwell  and  Hall,  Analytical  Chemistry,  Vol.  2,  j).  0S6. 


cultures.  The  cultures  growing  in  the  ascitic-agar  plus  tissue 
grow  deeply  at  first,  and  graduallv  the  growth  extends  in  a  fine 
haze  to  within  an  inch  of  the  surface  of  the  medium.     The  color- 


1 


Fig.   S. — Pipette  used   for   inoculation. 

ing  of  the  ascitic-agar  by  the  hemoglobin  from  the  tissue  makes  it 
very  diflicult  to  detect  the  colonies,  and  we  have  had  tubes  which, 
although  appearing  on  inspection  to  be  negati\  e.  were  found  to 
contain  the  organism  when  allowed  to  stand  in  the  incubator  for 
several  weeks  longer.  IJazy  colonies  could  then  be  detected  above 
the  reddened  portion  of  the  media.  In  the  comparatively  short 
time  since  this  work  was  undertaken  I  have  succeeded  in  growing 
one  strain  pure  for  four  generations,  and  this  strain  was  grown 
both  in  serum-water  plus  tissue  and  oil ;  ascitic  agar  plus  tissue 
and  oil  in  a  hydrogen  atmosphere,  as  well  as  in  horse  serum  media, 
as  described  aljo\e  and  used  by  IMiihlens,  Hoffmann,  and  others. 
I  have  also  succeeded  in  obtaining  a  typical  syphilitic  lesion  in  the 
testis  of  one  of  the  two  rabbits  inoculated.  riic  lesion  was  a 
circumscribed  orchitis,  not  broken  through  the  skin.  This  lesion, 
which  was  noticed  five  weeks  after  inoculation,  was  a])out  the  size 
of  a  cherrv  stone,  and  sIiowcmI  numerous  acti\ely  motile  si)ir()- 
ch;etes  under  the  dark  field.  I  lli■^  cnllnre  was  devoid  of  any 
unpleasant  odor,  whether  grown  in  i-oagulated  horse  serum. 
serum-agar.  serum-water  plus  tissue,  or  ascitic -agar  plus  tissue. 
Culti\'ation  expi'i-inicnK  wiili  ilu-  dtlici'  sti'ains  ;irt-  in  progress. 

In  concluxi(jn.  ii  may  be  iioinlnl  oui  that  the  trei>oiiein;i  palli- 
dum of  .'~>chaudinn  niav  be  grown  on  \arious  nu'(li;i  and  under 
varving  conditions  of  aiKu'robiosis, 
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STUDIES  ON  THE  GONOCOCCUS.*     I. 

Carl  C.  Warden. 

(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,  !Mich.) 

The  present  study  is  based  on  the  study  of  15  strains  of  Micro- 
coccus goiwrrJica  (Neisser)  obtained  from  the  urethral  discharges 
of  acute  cases  of  gonorrhea  in  men.  All  primary  cultures  were 
made  on  ascites  fluid  agar  or  on  rabbit  blood  agar. 

CULTURE   MEDIA. 

Body  fluid  media. — For  the  successful  cultivation  of  the  gono- 
coccus  slightly  acid  (+0.7  to  1.5)  media,  containing  preferably 
human  body  fluids,  such  as  ascitic  or  hydrocele  fluid,  blood  or 
])lood  serum,  are  essential.  I  have  been  unable  to  substantiate 
the  claims  of  Thallman,^  Paldrock.  and  others  as  to  the  utility  of 
simple  media,  urinary  and  otherwise.  They  are  of  no  value  what- 
ever. Hydrocele  or  ascitic  broth  is  of  considerable  value  in  tlie 
detection  of  contaminating  organisms  and  in  the  preservation  of 
cultures  of  gonococci  for  considerable  periods  of  time.  Contrary 
to  the  statements  of  some  observers,  the  gonococci  grow  only  on 
the  surface  of  this  medium.  The  sediment  consists  wholly  of 
dead  organisms  and  their  debris.  Blood  agar,  prepared  both  by 
admixture  of  blood  before  the  agar  solidifies  and  by  smearing 
blood  over  the  solid  agar  surface,  is  valual)le,  Init  less  so  than 
the  ascitic  or  hydrocele  agar.  It  is  well  to  emphasize  the  impor- 
tance of  a  slightly  acid  reaction  in  all  media.  It  has  been  pointed 
out  that  human  blood  serum,  hydrocele,  and  ascitic  fluids  may  be 
alkaline  to  litmus  and  acid  to  phenolphthalein.  In  general,  an 
acidity  of  +0.7  to  1.5  (10  c.c.  medium  requires  0.07  to  0.10 
11 '10  NaOH  )  will  I)e  found  most  satisfactory.  It  is  only  partly 
true  that  almost  any  alkaline  medium  is  suitable  for  the  growth 
of  gonococci.  Occasionally,  al)undant  growths  may  be  o])taine(l 
on  simi)le  alkaline  media,  l)Ut  such  growths  always  show  exces- 
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sive  autolysis  and  precarious  stability,  while  more  often  there 
results  no  growth  at  all. 

When  blood  is  streaked  on  the  agar  surface  the  individual  col- 
onies present  a  characteristic  and  unmistakable  appearance.  In 
24  hours  they  are  less  than  pinhead  size,  gray-white,  opaque, 
irregularly  round,  slightly  convex,  and  with  a  X8  hand  lens  they 
show  a  crumbly  consistence  and  a  finely  stellate  or  radiate  ar- 
rangement, the  red  blood  having  settled  into  the  radiations  like 
red  spokes  in  a  wheel.  \'cry  minute  concentric  striae  or  lamellae 
may  be  observed  with  a  higher  j^ower.  In  examining  such  col- 
onies it  is  well  In  linld  the  lu])es  up  to  a  strong  light  and  examine 
the  colonies  from  the  back.  The  blood  should  not  be  so  thick 
in  the  medium  as  to  prevent  translucence.  The  separate  colonies 
are  easily  picked  ott  /'//  foto  with  a  fine  platinum  w  ire.  .^uch  col- 
onies may  attain  j4-in^'h  size  in  18  hours.  Uld  colonies  lake  on 
a  glistening  silvery  sheen. 

Artificial  scnu}i  medium. — The  effort  to  Ihid  some  medium 
which,  free  from  body  fluid,  would  support  life  in  gonococci  led 
me  to  try  innumerable  combinations,  with  the  result  that  one  was 
hit  upfjn  which  i)romised  gratifying  results.  This  consisted  of  a 
modified  Ringer's  solution,  the  formula  for  which  follows: 

Sodium  chlorid   l.OS 

Potassium   chlorid    ().()4.t 

Calcium   chlorid    O.Oi.S 

Sodium   Ijicarhonate    0  020 

.\Kar    0.250 

Nutrient  l.roth   20.00 

Distilled  water   100.00 

The  sails  and  agar  are  dissolved  in  the  water  l)y  the  aid  of  luat  until  tlio 
fluid  shows  a  translucent  groiiud  kU'ss  appearance.  To  this  is  added  liie 
hroth,  anrl  the  whole  is  filtered  wiiiie  hot  lhn)UKh  gauze  or  cotton  into 
test-tubes  or  llasks.  One  sterilization  in  the  autoclave  is  suHicient.  The 
medium  docs  not  stand  repeated  .\rnold  sterilization  as  the  agar  is  apt  to 
he  thrown  out  of  suspension.  \\  hen  cool  the  medium  is  semisolid  and 
has  a  translucent  silvery  appearance. 

The  limitations  of  this  medium  are  that  not  all  strains  of  gono- 
cocci will  grow  on  il.  nor  is  il  ea^y  to  prepaie.  nor  dot-s  it  lend 
itself  readilv  to  lentrifugatiitii.  The  medium  \\\\\.  Iiowcmt.  sup- 
port all  strains  of  gonocotH-i.  if  there  be  placed  oil  its  surlace  a 
few  loopfuls  or  a  tiny  <lro|i  of  sterile  luiman  l)lo(»d.  The  gono- 
cocci then  tlirise,  while  eontaminaling  coiti  and  barliri,i  of  all 
kinds  excejil  the  sublilis  bacillus  settle  to  the  botlctm  of  the  tubes 
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or  flasks  in  trailing  white,  comet-like  or  stalactite-like  festoons. 
The  medium  supports  life  in  gonococci  longer  than  any  mediimi 
known  to  me,  successful  transplantations  having  been  made  after 
100  days.  It  is  also  valuable  for  isolation  of  pure  strains.  It  is 
h\  no  means  uncommon  that  individual  gonococcus  colonies  on 
solid  media  contain  contaminating  organisms,  so  that  pure  strains 
are  difficult  to  procure.  Indeed,  every  one  who  has  worked  long 
on  the  gonococcus  knows  this  peculiarity  and  appreciates  the  dif- 
ficulty of  obtaining  pure  cultures.  Not  infrequently  the  procedure 
requires  a  struggle  of  weeks  or  months. 

Beer-wort  and  media  containing  alcohol  are  of  no  value. 

It  is  the  obser\ation  of  many  bacteriologists  that  the  gonococ- 
cus produces  acid  in  dextrose  media,  but  does  not  change  saccha- 
rose, lactose,  inulin,  levulose,  galactose,  or  mannite.  Using  ascitic 
broth  to  which  the  various  carbohydrates  were  added  in  varying 
proportions  and  of  which  the  reactions  varied  from  slightly  alka- 
line to  -|-2.0,  this  predilection  was  confirmed.  Titrati(jn  of  the 
medium  after  incubation  at  37^  C.  for  li  days  invariably  showed 
increased  acidity  in  the  tubes  containing  glucose,  but  no  changes 
with  saccharose,  inulin,  or  mannite.  One  strain  out  of  15  showed 
slight  changes  in  tttbes  containing  galactose. 

The  conclusions  of  W^atabiki^  were  not  confirmed,  although 
horse  serum  which  that  author  used  as  the  diluent  for  his  fluid 
media  was  not  employed. 

Media  containing  organic  substances. — To  ordinary  nutrient 
agar  and  nutrient  broth  were  added  varying  proportions  of  such 
animal  substances  as  powdered  mucin,  fibrin,  ovary,  testicle,  thy- 
roid, pituitary,  and  lymph  gland.  Of  media  so  prepared  those 
containing  ovarian  and  the  testicular  substance  one  to  two  per 
cent,  slightly  acid  in  reaction,  proved  excellent,  while  the  others 
gave  indifi'erent  results.  A'egetable  substances,  such  as  yeast 
nuclein,  Irish  moss,  tragacanth,  and  acacia,  were  used  in  a  similar 
manner.  Of  these,  acacia  yielded  good  growths.  The  best  com- 
bination proved  to  be  a  saturated  solution  of  powdered  acacia  in 
nutrient  agar,  having  a  slightly  acid  reaction.  The  medium 
quickly  becomes  wrinkled,  and  is  of  no  value  aside  from  indi- 
cating a  fondness  of  the  gonococcus  for  the  acacia  enzyme.     Cer- 
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tain  animal  substances  containing  enzymes  were  similarly  cm- 
ployed,  viz.,  pepsin,  pancreatin.  and  pt\alin,  i)epsin  and  ])an- 
creatin  yielding  important  and  surprising  results.  The  [)repara- 
tions  of  pancreatin  used  were  the  ordinary  pancreatic  substance 
(insoluble)  and  a  purified  jiancreatin  rendered  soluble  by  acetone 
fractioning.  Both  of  these  preparations  in  one  to  two  per  cent 
strengths  in  slightly  alkaline,  neutral,  and  slightly  acid  nutrient 
agar  influenced  the  growth  of  gonococci  in  a  marked  degree.  In 
no  medium  was  the  growth  so  luxuriant  and  rapid  as  in  the  neu- 
tral pancreatic  media,  but  the  organisms  at  the  same  time  ap- 
peared to  undergo  an  extraordinarily  swift  autolysis.  They 
appeared  well-nigh  struciurclcss  and  stained  \er\  poorly  with 
the  strongest  acid  stains.  ( irowth  in  the  acid  medium  was  some- 
what slower,  but  still  copious,  and  the  organisms  were  ])etler  i)re- 
served.  The  growth  is  \ery  short-lived.  Daily  transplantations 
are  necessary,  and  even  then  strains  die  suddcnl\-.  ( Irowth  is 
not  invariable.  Occasionally  inoculations  will  not  "lake"  at  all, 
but  the  thick,  opacjue,  yellowish-white,  smeary,  tenacious  mass 
quickl}-  cf)\ering  the  entire  surface  of  llie  medium  is  i|uile  char- 
acteristic. 

.Soluble  ])epsin  in  the  same  ])roporlions  and  reactions  also 
yielded  abundant  growths,  but  with  a  slightly  acid  reaction,  quite 
raj)id  and  showing  much  better  viability  and  staining  reaction, 
and  less  autfjiysis.  TJke  pancreatin,  it  yielded  irregular  results, 
l)Ut  one  is  inclined  to  the  opinion  that  all  irregularities  in  "lakes" 
migiit  have  been  due  to  variations  in  technic  rather  than  lo  special 
properties  of  media  or  strains,  since  the  same  irregvdarilies  are  to 
be  observed  wilh  olher  meclia  routinely  t'uiployed.  .\ot  enough 
work  has  been  done  with  these  en/,\ines  to  warrant  any  conclu- 
sion, but  the  results  indicate  a  ])redileclion  of  the  gonococcus  for 
certain  enzymes  and  an  anti]iatliy  for  others.  Sterile  prepara- 
tions of  pei)sin  and  pancreatin  are  diHicult  to  obtain.  I  )ry  heat 
just  short  of  lOO'""  ('.  changes  the  color  of  \\\v  iMiiducts,  .ilihough 
it  is  said  not  t(»  deslro\  tlu'  activity  of  the  ferments.  Iloiling 
destroys  the  enzsnu'.  <  lood  results  were  obtained  b\  heating 
solutions  of  ])e])sin  ami  panciealin  to  (lo  (  .  for  (»ne  liour  on 
three  successive  days,  'i'iiese  snbstanci-s  arc-  distinctly  acid  in 
reactitMi  and  recjuire  the  addition  of  alkali,  preferably  \a()il 
soluti(;n,  before  being  added  to  culture  media.      The  addition  of 


alkali  also  renders  the  substances  more  readily  solul)le.  Further 
mention  of  the  enzyme  relationships  will  be  made  later  in  this 
paper  and,  it  is  hoped,  more  fully  in  a  subsequent  communication. 
Stab  cultures  and  anaerobic  culture  media  in  general  are  not 
favorable  to  growth  of  gonococci,  although  unquestionably  some 
growth  does  occur,  provided  the  media  contain  the  ascitic  fluid 
or  other  favorable  substance.  This  we  should  expect  to  be  the 
case  from  our  knowledge  of  the  pathology  of  gonorrheal  infec- 
tions. The  organisms  survive  for  considerable  periods  of  time 
without  air.  Voluminous  cultures  upon  ascitic  agar  placed  in  a 
vacuum  chamber  over  calcium  chlorid  and  kept  at  20°  C.  for 
two  weeks  survived  and  suiDcultures  were  successful. 

MORPHOLOGY. 

The  morphology  of  the  gonococcus  is  so  variable  as  to  have 
given  rise  to  considerable  discussion.  My  experience  has  been 
that  l)v  using  many  strains  and  by  varying  the  media  on  which 
thev  are  grown,  one  can  observe  all  the  types  of  the  entire  coccus 
familv.  By  undoubted  processes  of  reversion  and  variation  it  is 
possible,  and  common,  to  observe  staphylococcus-like  clumping 
of  single  forms,  short  chain  formation  as  with  the  streptococci, 
lanceolate  forms  indistinguishable  from  pneumococci  in  shape, 
diplococcal  forms  resembling  the  catarrhalis  groups,  all  in  un- 
questionably pure  cultures  of  gonococci.  All  return  promptly  to 
strain  type  on  appropriate  media.  For  instance,  the  strains  grown 
in  fluid  media  show  the  most  lanceolate  and  chain  forms ;  those 
grown  on  an  over-dry  medium  contain  the  larger  number  of 
clumps,  while  the  cocci  bred  on  moist  ascitic  agar  of  definite  salt 
content  and  uniform  reaction  yield  the  fewest  variants.  From 
the  examination  of  many  hundreds  of  cultures  and  thousands  of 
preparations,  my  opinion  concurs  with  the  view  that  the  gono- 
coccus is  classed  properly  as  a  micrococcus.  A  majority  of  the 
forms  are  single,  irregularly  round  and  discrete.  Diplococcal 
forms,  biscuit  or  coffee-jjean  in  shape,  follow  numerically  and 
appear  to  denote  active  proliferation.  Still  a  larger  number  of 
cocci  in  all  cultures  show  variation  and  irregularity.  A'ariations 
in  size  are  common  in  different  media.  By  varying  the  salt  con- 
tent of  ascitic  agar,  for  instance,  one  is  able  to  Ijreed  cocci  of  all 
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sizes  from  the  small  staphylococcus  size  to  those  having  a  diam- 
eter equal  to  half  that  of  a  red  blood-cell.  The  largest  cocci  were 
produced  on  salt-free  ascitic  agar,  the  smallest  and  most  stable 
organisms  on  human  blood  agar ;  among  the  larger  cocci  were 
many  ring  forms  with  the  staining  portion  at  the  perii)hcry  and 
the  centers  shadowy. 

The  gonococcus  is  difficult  to  stain  well.  After  having  used  a 
multitude  of  ordinary  and  special  stains,  it  was  found  that  the 
sharpest  contours  and  the  most  brilliant  staining  arc  obtained 
with  carl)ol  fuchsin,  (inc  i)art  of  the  ordinar}-  tuijcrcle  carl)ol 
fuchsin  and  three  of  distilled  water.  Strangely  enough,  the 
methylene  blue  stains  are  very  unsatisfactory  for  work  with 
gonococcus  cultures.  Tiie  organisms  do  not  take  the  stain  deeply 
and  the  contours  are  not  clear  cut  or  sharply  defined.  The  varia- 
tions in  character  of  different  stains  will  embrace  all  \ariants. 
even  for  complement-lixation  work.^  My  own  ol)servation  would 
designate  six  selected  strains  as  sufficient  to  cover  all  characters. 
The  usual  variations  in  appearance,  consistence,  colony  forms, 
etc.,  are  too  well  known  to  re(|uire  furl  her  conimcnt.  The  best 
descriptions  and  illustrations  of  cultures  and  organisms  are  by 
Martin. - 

-M'ToLVSlS. 

It  has  been  a  matter  of  common  oI)servation  for  some  time  that 
gonococci  suspended  in  water  and  in  ^alt  solution  disiiUegratc 
with  more  or  less  rapidity,  s(j  that  eventually  no  organisms  what- 
ever can  be  distinguished.  To  this  ])eculiarity  has  been  given 
the  name  auloKsis,  which  is  ])articu1arl\  a])t  since  the  property 
of  solution  or  disintegration  seems  t(j  l)e  one  inherent  with  the 
gonococcus.  'Hie  aiUolysis  is  (|uite  comparable  to  that  which 
Rosenow  anil  olhrrs  lia\e  <k  nion>trale<l  in  tlu'  pnrunioi-occns. 
'Ihat  the  substance  which  causes  the  solution  of  the  bodies  of  the 
cocci  is  itself  a  product  of  their  life  and  activity  is  shown  I)y  the 
fact  that  aiUolysis  occurs  when  all  other  possibk-  lauscs  have 
been  renKj\cd.  ( ionococci  winch  lia\i-  been  waslud  tlinc  times 
in  distilled  water,  once  in  <M-j.")  .\;i()il  sohuion,  once  in  1  :.")()()0 
liC'I  solution,  will,  when  again  suspended  in  salt  solution  or  dis- 
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tilled  water,  disintegrate  with  tiie  same  rapidity  as  unwashed 
cocci  freshly  removed  from  the  culture  medium.  No  culture  or 
colony  of  gonococci  is  so  youn,<i^  ])ut  that  auloKsis  has  already 
begun.  Observation  has  shown  that  the  life  history  of  the  indi- 
vidual gonococcus  is,  in  its  own  sphere,  comparable  to  the  ephcm- 
erid.e.  Within  an  amazing])-  l)rief  period  the  sef|uence  of  coccus, 
diplococcus,  and  disintegration  occurs.  As  each  organism  dies 
it  contributes  a  heritage  which  is  cumulative  and  hastens  the 
death  of  its  fellows,  until  within  the  space  of  a  few  days  a  culture 
of  untold  millions  of  the  cocci  has  perished,  destroyed  by  the 
combined  activities  of  its  individuals.  In  transplanting  cultures 
over  48  hours  old  larger  quantities  must  be  transferred  in  order 
that  the  few  live  cocci  therein  may  be  included. 

Agents  ■which  check  autolysis. — McClintock  and  Clark^  have  shown  that 
a  temperature  of  70°  C.  for  one  hour  effectually  checks  disintegration  of 
suspensions  of  gonococci  in  salt  solution.  Temperatures  less  than  70°  C. 
with  or  without  the  addition  of  tricresol  0.2  to  0.4  per  cent  do  not  avail. 

Hydrochloric  acid  solution  in  distilled  water  in  strength  as  low  as 
1  :50(30-l  40000  is  the  best  preservative  of  gonococci.  Suspensions  of 
gonococci  in  the  medium  remain  unchanged  for  months,  and  serve  as  the 
most  stable  vaccine  that  has  so  far  been  prepared.  Tricresol  may  be 
added  if  desired,  preferably  a  strength  of  0.2  per  cent.  The  gonococci 
are  quickly  killed  in  the  solution.  Organisms  preserved  for  months  in 
this  manner  resume  autolysis  upon  washing  and  suspending  in  salt  solu- 
tion. Hydrochloric  acid  solution  produces  a  strong  agglutination  of  the 
gonococci,  a  fact  which  necessitates  breaking  up  of  the  clump  by  shaking 
with  glass  beads,  in  the  preparation  of  vaccine. 

Lactic,  acetic,  nitric,  benzoic,  and  oxalic  acids  in  weak  solutions  in 
distilled  water  are  also  preservatives  of  the  bodies  of  gonococci.  It 
appears  that  almost  any  weak  acid  tends  to  overcome  autolysis. 

Glycerin  solution  five  per  cent  in  distilled  water  is  a  good  preservative 
for  short  periods  of  time.  Pepsin,  0.5  neutral,  or  slightly  acid  solution  in 
distilled  water  is  almost  as  good  a  preservative  as  dilute  hydrochloric  acid, 
but  a  slight  yellowish-brown  discoloration  occurs  on  standing  for  a  con- 
siderable time.      Heavier  pepsin  percentages  cause  digestion. 

Alcohol  solutions  as  high  as  10  per  cent,  weak  solution  of  formalin, 
chloroform  water,  all  sufficiently  strong  to  prevent  bacterial  growth, 
appear  to  have  little  or  no  influence  upon  autolysis,  providing  the  reaction 
of  the  solution  is  neutral  or  slightly  alkaline.  In  conducting  experiments 
on  digestion  one  not  infrequently  adds  some  substance  like  chloroform, 
which  prevents  bacterial  growth,  but  in  no  way  hinders  the  activity  of 
the  digestive  enzyme,  and  it  is  noteworthy  that  the  same  substances  do 
not  prevent  the  autolysis  of  gonococci. 

Agents  zvhich  favor  autolysis. — Salt  solution  0.8  to  0.9  per  cent  and 
distilled  water  are  very  favorable  agents.  If  to  either  there  l)e  added 
«/10  NaOH  solution  or  other  alkali  suflicient  to  produce  slight  alkalinity, 
it  is  observed  that  autolysis  is  materially  hastened.  Normal  blood  alka- 
linity (0.125  approximately)  is  a  very  favorable  degree.  It  was  also 
observed  that   addition   of   small  quantities  of   those   proteolytic   enzymes 
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which  operate  in  an  alkaline  medium  hastens  lysis  of  the  gonococci.  In 
particular,  it  was  found  that  the  most  rapid  lysis  of  all  occurred  when 
the  organisms  were  suspended  in  a  slightly  alkaline  solution  of  pancreatin 
and  preserved  at  37^  C.  Beautiful  illustrations  of  the  disintegration  may 
be  observed  in  hanging-drop  preparations  where  the  process  in  a  single 
field  may  be  watched,  and  in  stained  preparations  made  from  hour  lo 
hour. 

Digestive  pozcers  of  autolysates  and  dried  gonococci. — Autolysates  of 
gonococci  were  prepared  by  suspending  24-hour  cultures  in  0  9  per  cent 
salt  solution,  allowing  the  suspension  to  stand  at  room  temperature  for 
three  days,  shaking  with  quartz  sand  for  three  hours,  after  which  the 
debris  was  removed  by  passing  the  fluid  througli  a  Berkefeld  filter.  The 
filtrate  had  marked  toxic  effects  on  rabbits  and  guinea-pigs,  three  cubic 
centimeters  being  sufficient  to  kill  a  rabbit  of  1500  gms.  in  half  an  hour. 

Gonococci  were  dried  by  suspending  larger  cultures  in  as  small  a 
quantity  of  distilled  water  as  practicable  and  evaporating  the  fluid  in  a 
vacuum  chamber.  The  dried  substance  is  light  brown  in  color.  Cultures 
from  12  whiskey-flask  surfaces  yield  a  little  over  one  gram  of  dried 
substance.      These  are  also  highly  toxic. 

\\  ith  these  substances  the  following  digestive  test  was  made  : 

Controls:    1.  Pancreatin  solution  0.020;  salt  solution  4  c.c. 

2.  Gonococcus  autolysate  4  c.c. 

3.  Dried  gonococci  0.020;  salt  solution  4  c.c. 

4.  Fibrin  0.020;  salt  solution  4  c.c. 

Delcnninants:  1.  Pancreatin  0.020;  salt  solution  4  c.c  ;  filirin  0.020, 
alkaline  to  litmus. 

2.  Gonococcus  autolysate  4  c.c. ;  fil)rin  0.020,  alkaline  to  litmus. 
J.  Gonococcus  autolysate  4  c.c. ;  fil)rin  0.020.  acid  to  litmus. 

4.  Dried  gonococci  0.020;  salt  solution  4  c.c;  fibrin  0.020,  acid  to  litmus. 

5.  Dried  gonococci  0.020;  salt  solution  4  c.c;  filM'in  0.020,  alkaline  to 
litmus. 

To  each  tube  was  added  a  few  drops  of  chloroform  ami  all  were  placed 
in  the  incubator  at  37°  C.  for  eight  hours. 
Result:    Controls  1,  2,  3,  and  4 — Negative  Biuret. 
Determinants   1  ^      +  Biuret 
2  =  ++  Biuret 
3=     -f  Biuret 

4  =  -|— |-  Biuret 

5  =:      +  Biuret 

It  seems  reasonable  to  assume  that  the  }.;onococctis  prnduces  a 
])r(jte(jlytic  enzyme,  similar  to  trypsin,  which  has  a  temperattire. 
ranj:,'e  of  viability  between  (i  C  and  70'  C.  It  will  be  shown 
later  that  the  physiolo}.,ncal  elTects  of  the  enzyme  on  laboratory 
animals  are  very  slrikinf,dy  similar  if  not  identical  with  those  of 
trypsin.  It  appears  that  the  enz\nie  is  cap;ible  of  sli*jht  activity 
in  an  arid  medium.  alth(iu.i;h  a  slight  11(1  acidil\'  is  capable  of 
pri'\  eiUinj.,'  its  fornialidu.  It  is  a  <|ueNti(iii  wln'ther  this  substance 
or  enzvme  can  be  clas-,cd  with  the'  to.\in>  in  the  sense  that  we 
refer  to  the  soluble  toxin  of  the  diphtheria  bacillus  and  the  endo- 
toxin of  the  t\phoid  bacillus.      The  so-called  (f)\ins  of  (he  },n)no- 
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coccus,  the  meningococcus,  and  the  pneuniococcus,  and  perhaps 
also  the  streptococcus,  appear  to  form  a  group  Ijy  themselves. 
Certainly  those  of  the  gonococcus  and  the  pneuniococcus  present 


strikingly  similar  features. 


AGGLUTIXATION. 

Tests  of  agglutination  of  gonococci  with  antiscra  have  been 
disappointing  in  my  hands.  The  claims  of  many  to  have  pro- 
duced sera  which  will  agglutinate  in  dilutions  of  1 :50,000  to 
1 :200,000  I  have  been  unable  to  suljstantiate.  The  most  powerful 
serum  in  my  series  was  that  of  a  rabbit  which  had  received  three 
inoculations  only,  as  follows : 

February  5,  1912 :  Intravenously,  the  autolysate  of  one  ascitic  agar 
tube  of  gonococci  kept  for  10  days  at  Zl^  C.  in  two  cubic  centimeters  of 
rabbit  serum. 

February  20,  1912:     Intraperitoneally,  one  large  loop  of  24-hour  ascitic 
agar  culture  of  gonococci  in  two  cubic  centimeters  of  sterile  salt  solution. 
I'ebruary    27,    1912;      Intraperitoneally,    one    ascitic   agar   tube    culture 
suspended  in  two  cubic  centimeters  sterile  salt  solution. 

The  animal  was  bled  for  serum  five  hours  after  the  last  inoculation. 
April  20.  1912:    Agglutination  test. 

Standard  suspension  of  gonococci  in  distilled  water. 
Serum  dilutions  :     1:1  ^ -f  at  once 

1:1000    =  + at  once 
1  :S0000  =  -f  in  one  hour. 

By  way  of  comparison,  a  control  agglutination  test  was  made 
with  an  antigonococcus  serum  (017326  K.  B1095)  on  the  same 
day.    The  results  were  as  follows : 

Dilution  1  :  10  :.=:  negative  in  two  hours;  partial  in  18  hours. 

Dilution  1 :40  ^  negative  in  two  hours  ;  slight  in  18  hours. 

Antimeningococcus  serum  (018781)  gave  a  positive  agglutination  of 
gonococci  in  the  dilution  of  1  :10  in  two  hours. 

Antidiphtheric  serum,  normal  horse  serum,  and  certain  guinea-pig  sera 
give  positive  results  in  eight  hours'  time,  but  almost  any  serum  will  do  the 
same,  wliereas  those  sera  produced  by  long-continued  immunization  of 
rabbits  with  large  quantities  of  gonococci  do  not  show  that  degree  of 
agglutinative  power  one  would  expect.  For  instance,  one  rabbit  received 
in  all  16  inoculations,  the  first  12  intravenously  at  intervals  of  five  days, 
the  last  four  intraperitoneally  at  10-day  intervals.  This  serum  was 
positive  in  a  dilution  of  1  :10  in  three  hours  and  negative  in  a  dilution 
of  1  :40. 

The  substance  which  invariably  produces  the  most  marked  agglutina- 
tion of  gonococci  is  HCI  in  dilution  of  1  :2500  and  as  higli  as  1  :r0000  in 
distilled  water.  Salt  solution  with  HCI  in  the  latter  dilution  is  not 
favorable  and,  indeed,  permits  some  autolysis. 

Goiwcoccidal  substances. — All  ordinary  germicidal  substances  are  fatal 
to  the  gonococcus.      Indeed,  distilled  water  is  destructive  and  salt  solu- 
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tion  even  more  markedly  so.  On  the  most  favorable  culture  medium  the 
life  of  the  organism  is  very  short  at  best.  It  was  impossible  to  determine 
whether  the  silver  salts,  those  of  mercury,  the  acids,  the  alkalies,  formol, 
the  essential  oils,  the  halogens,  all  in  the  strength  usually  employed 
clinically,  were  fatal,  one  sooner  than  the  other,  since  all  were  quickly 
fatal.  The  experiments  of  Wildbolz,'  Paldrock,  and  others  vipon  the 
viability  of  the  gonococcus  in  germicidal  solutions  are  valuable  and  of 
great  interest,  but  the  brief  periods  of  time,  even  to  the  fractions  of 
minutes  mentioned  by  some,  reveal  what  a  painstaking  procedure  is 
demanded. 

AXIMAL    EXPERI.MEXTS. 

All  efforts  lo  produce  a  specific  inflaninialion  of  the  eyes  or 
genitalia  of  animals  were  futile,  as  were  the  efforts  to  produce 
abscess,  by  inoculating  animals  with  fresh  cultures  of  gonococci. 

The  mechanism  of  defense  of  ilie  mucous  siu'faces  of  all  ani- 
mals is  much  the  same.  The  eye  of  the  rabbit  furnishes  a  good 
exami)le.  Five  minutes  after  the  coniuncti\al  sac  has  been 
smeared  with  freshl\-  isolated  i)ure  "il-liour  cultiu"es  of  gonococci 
there  appears  at  the  inner  canthus  a  globule  of  gra\is]i  exudate 
which  is  seen  in  stained  i^reparations  to  consist  of  nuicus  and 
immense  numbers  of  epithelial  cells,  clinging  to  which  are  larger 
clumps  of  gonococci  which  stain  poorly  and  appear  to  lie  under- 
going rapid  lysis.  There  are  but  few  ])()l\inorphonuclear  leuko- 
cytes. After  ].")  minutes  the  pictin-e  is  nuuh  ilie  same  exce[)t  that 
the  cocci  are  much  diminished  in  nmnl)er.  In  ."50  minutes  the 
exudate  has  become  more  watery  and  consists  of  epithelial  cells 
and  leukocytes,  but  evidence  of  phagocytosis  is  wanting.  In  an 
hour,  all  Cfjcci  ha\e  disa])peared  and  ihe  eye  ap])ears  normal.  .\t 
no  time  does  the  eye  show  inflammatory  reaction.  All  ellorts  to 
hold  the  culture  in  ])lace  in  the  conjunctival  sac  by  mechanical 
means  failed.  Ihe  stibnuiccnis  injections  of  ctdlures  were  also 
negative. 

The  few  positixe  re>uhs  obtained  in  animal^  will  be  brietly 
outlined. 

Monkeys  (M.  rhesus)  siiinll:  ~  pauiids  7<'ci(/hl.  Sk.  1.  1 1  \  imdcrmic 
injection  of  moriihin  sulphate  2  grains;  intradural  injection  ,,i  (ine-half 
tube  of  ascitic  agar  i4-liour  culture  susj)ended  in  2  c.c  normal  monkey 
serum  I-'levation  of  temperature  (104.5'  I'.),  coma,  convulsions,  and 
death  in  nine  hours.  Autopsy  showed  local  ("ibrin-like  exudate  at  site  of 
inoculation  and  re<Idening  of  the  meninges.  Cultures  negative.  ICxudatc 
showed  a  few  ])oorly  stained  sliailowy  cocci,  leukocytes,  and  iKbris ;  no 
f>rganisms. 
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In  the  left  conjunctival  sac  of  the  same  monkey  tliere  was  placed  one- 
half  tulje  of  ascitic  agar  tube  culture  24  hours  old  on  the  end  of  a  spud 
synchronously  with  the  intradural  injection.  Postmortem  appearances: 
right  eye  normal;  left  eye  protruded,  lids  everted  and  swollen,  conjunctiva 
chemotic.  Dirty  gray  exudate  in  moderate  amount  containing  leukocytes, 
epithelial  cells,  and  debris.  Smears  and  cultures  negative  for  gonococci. 
Sections  of  lower  lid  and  conjunctiva  showed  inflammation  and  edema 
but  no  organisms. 

No.  2.  Morpliin  sulphate  2  grains.  Intravenous  injection  of  one-half 
tube  of  ascitic  agar  tulje  culture  of  gonococci,  24  hours  old,  in  two  cubic 
centimeters  salt  solution.  Elevation  of  temperature  (106°  F.),  coma, 
death  in  12  hours.  Endocardium  over  chambers  and  valves  appeared 
lusterless  and  "smoked."  Smears  from  liver  and  spleen  showed  poorly 
stained,  irregular,  shadowy  cocci.  Phagocytosis  al)sent.  Cultures  from 
heart's  blood  on  ascitic  and  blood  agar  positive. 

No.  3.   (Control) — Alorphin  alone.     Recovered. 

No.  4.  (Control)- — Intravenously  one-half  ascitic  agar  tube  culture  in 
two  cubic  centimeters  salt  solution.  Temperature  maximum  104''  F. 
Recovered. 

No.  5.  (Control) — Intrapcritoneally,  one-half  ascitic  agar  tube  culture 
in  two  cubic  centimeters  salt  solution.     Recovered. 

Rabbits. — It  was  demonstrated  that  phagocytosis  plays  small  part  in 
the  immunity  of  these  animals,  as  well  as  in  other  laboratory  animals. 
This  statement  is  based  on  a  large  numlaer  of  examinations  of  blood  and 
peritoneal  exudates  in  inoculated  animals,  and  in  many  phagocytic  experi- 
ments ill  vitro  with  the  blood  of  animals. 

Rabbits  react  to  both  intravenous  and  intraperitoneal  injections  of 
gonococci,  with  prompt  rise  of  temperature,  which  quickly  returns  to 
normal. 

Guinea-pigs. — Guinea-pigs  of  all  laboratory  animals  manifest  the  near- 
est approach  to  a  true  septicemia  following  inoculations  with  cultures  of 
gonococci.  The  response  is  prompt  and  definite  and  in  every  instance 
where  a  fatal  dose  was  given,  gonococci  were  recovered  in  cultures  from 
the  heart's  blood  and  the  organisms  were  demonstrable  in  smears  from  the 
liver,  spleen,  and  lungs.  Phagocytosis  is  not  a  conspicuous  feature, 
although  it  appears  to  be  somewhat  more  common  in  this  species  than  in 
others.  The  initial  fatal  dose  of  most  strains  is  the  24-hour  growth  of 
one  ascitic  or  blood  agar  tube.  This  was  suspended  in  two  cuImc  centi- 
meters of  sterile  salt  solution  and  injected  into  the  peritoneal  cavity. 
The  animal  is  at  once  ill,  and  the  temperature  begins  to  fall  and  continues 
to  fall  steadily  until  the  animal  dies  in  from  five  to  twelve  hours. 
Animals  surviving  longer  than  12  hours  usually  recover.  The  peritoneal 
exudate  after  one  hour  is  serous  and  tinged  with  blood.  It  contains 
numerous  red  cells,  innumerable  well  staining  gonococci,  and  only  few 
leukocytes  of  any  kind.  The  few  polymorphonuclear  cells  observed 
seldom  contain  cocci.  After  three  or  four  hours,  and  after  death,  the 
fluid  exudate,  about  3  to  5  c.c.  in  amount,  is  grayish  and  contains  flakes 
of  lymph.  The  peritoneum  is  flecked  with  lymph,  particularly  al)out  the 
liver  and  over  the  intestine.  At  this  time  the  exudate  contains  greater 
abundance  of  leukocytes,  but  still  the  polymorphonuclear  cells  are  few  and 
phagocytosis  is  not  conspicuous.  Those  cocci  which  live  within  the  cells 
are  ragged,  misshapen,  and  do  not  take  the  stain  well.  Gonococci  are 
still  numerous  but  are  rapidly  diminishing  in  numbers  and  losing  their 
outlines.  The  liver  and  spleen  are  usually  dark  red,  enlarged,  and  con- 
gested. Cocci  are  always  demonstrable  in  smears  from  the  pulp  of  these 
organs,  being  for  the  most  part  free,  while  a  few  poorly  stained  organisms 
are  seen  within  the  leukocytes.  Cultures  from  the  heart's  blood  are 
almost   invariably   positive,    and    from   this    fact   it   was   learned   that   the 
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quickest  and  surest  method  of  purifying  contaminated  strains  of  gonococci 
is  by  injecting  the  cuUure  in  large  quantities  into  guinea-pigs  intraperi- 
tonealh",  and  inoculating  the  heart's  l)lood  on  blood  agar  five  hours  later, 
after  chloroform  death. 

The  strain  of  gonococci  resulting  from  such  cultures  was  used 
over  and  over  again,  passing  it  from  tube  to  pig  and  pig  to  tube 
regularly  every  24  hours  for  30  days.  The  strain  then  appeared 
to  have  lost  some  of  its  autolytic  tendency;  it  took  the  ordinary 
stain  better,  became  more  hardy  and  adapted  itself  readily  lo 
ordinary  nutrient  agar  (reaction  -j-o.T),  on  which  medium  it 
survived  eight  days  at  37°  C.  and  was  carried  on  through  22  sub- 
cultures. The  imjjression  was  gained  that  the  gonococcus  is 
capable  of  modification  by  environment  into  an  organism  of  fair 
stability,  in  spite  of  the  observation  that  continued  operation  of 
the  same  strain  through  gtiinea-pigs  did  not  appear  to  lessen 
the  quantity  required  for  a  lethal  dose. 
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STUDIES  ON  THE  VIRUS  OF  HOG  CHOLERA*? 

WALTER  E.  KING,  F.  W.  BAESLACK,  AND 
GEORGE  L.  HOFFMANN. 

(From  the   Research  Laboratory,   Parke,  Davis  &  Co.,  Detroit,   Michigan.) 
INTRODUCTION. 

The  terms  "filterable  virus"  and  "ultramicroscopic  organisms" 
are  frequently  used  in  the  descriptions  of  some  30  important  in- 
fectious diseases  of  man  and  animals.  These  terms  constitute  a 
convenient  form  of  expression,  as  in  certain  cases  it  would  other- 
wise be  necessary  to  state  "specific  cause  unknown." 

Among  the  important  diseases  which  fall  into  this  class,  as 
enumerated  and  briefly  described  by  Wolbach,^  are  yellow  fever, 
molluscum  contagiosum,  dengue  fever,  verruca  vulgaris,  tra- 
choma, sand-fly  or  three-day  fever,  acute  anterior  poliomyelitis, 
measles,  typhus  fever,  and  scarlet  fever,  which  aft'ect  man  only ; 
rabies,  foot  and  mouth  disease,  variola,  and  vaccinia  affect  both 
man  and  animals ;  whereas  hog  cholera,  fowl  pest,  cattle  plague, 
sheep  pox,  African  horse  sickness,  swamp  fever  of  horses  and 
Rous's  chicken  sarcoma  are  among  those  aft'ecting  animals  only. 
Canine  distemper,  which  Wolbach  mentions  as  being  produced  by 
a  filterable  virus,  has  been  demonstrated  by  Ferry-  to  be  due  to 
a  bacillus  termed  by  him  B.  hronchiscpticus. 

Since  the  recognition  of  the  filterability  of  hog  cholera  virus 
by  De  Schweinitz  and  Dorset,  1903-1905,  very  little  progress  has 
been  made  in  elucidating  the  nature  of  the  specific  etiological 
factor  involved. 

Dinwiddie,'  from  a  series  of  carefully  planned  centrifugation 
experiments,  concludes  that  the  infectious  agent  involved  in  hog 
cholera  is  more  or  less  closely  associated  with  the  red  blood  cor- 
puscles.    Aside   from   the  report  of   Dinwiddle,  the  knowledge 
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accumulated  in  regard  to  this  subject  is  relatively  meager  and 
scattered. 

The  filterability  of  a  given  virus  does  not  preclude  the  pos- 
sibility of  the  presence  in  that  virus  of  microorganisms  relatively 
large  at  certain  ])eriods,  according  to  the  stage  of  development 
in  their  life  cycle.  BorreP  demonstrated  a  protozoan,  Micro- 
monas  mcsnili,  which,  during  certain  stages  of  its  development, 
would  pass  through  the  Berkefcld  and  Chamberland  tilters. 

Loeffler  also  has  shown  that  a  flagellate  belonging  to  the  genus 
IJodo  would  pass  through  Berkefeld  filters,  which  were  cai)able  of 
preventing  the  passage  of  B.  prodigiosus,  even  after  an  hour's 
filtration.  Thus,  filterability  cannot  be"  taken  as  an  indication  of 
the  size  of  a  given  organism,  because  the  passage  of  organisms 
through  filters  depends  also  on  their  plasticity  and  their  al^ility  of 
accommodation  to  the  pores  of  the  filler.  In  this,  the  smaller 
forms  of  motile  parasites  difYer  from  bacteria  of  relali\ely  the 
same  dimensions.  It  therefore  seems  possible  thai  some  of  the 
filteral)le  viruses  causing  disease  may  ha\e  a  stage  in  the  cycle  of 
their  development  which  is  visible  under  the  microscope. 

Betegh-  of  I  huigarv  has  succeeded  in  retaining  hog  cholera 
\irus  by  means  of  the  Bechhold  ultra-tiller.  I  lis  experiments 
consisted  in  the  filtraticjn  of  two  ditt'erent  strains  of  virus  and  the 
injection  of  each  of  the  liltrales  into  three  susceptible  i)igs.  The 
six  i)igs  remained  well  aiid  llie  conclusion  was  thai  ihe  \irus  had 
remained  in  the  ultra-lilter. 

In  r.ilii,'  a  com])arati\e  histological  slu<l\  of  the  blood  of 
normal  hogs  and  cholera-infected  animals  was  conducted.  In 
tiii^  work,  the  blood  of  hogs  suffering  from  ^-holera,  in  compari- 
son  with  normal  blood,  was  studied  in  a  routine  way  on  the 
licmocvtometer  and  with  the  ordinary  blood  stains,  but  at  ihe 
same  time  nnich  care  was  exercised  in  altempling  to  Imd  any 
differences  which  might  indicate'  the  ])robable  natiu'e  of  the  lau- 
sative  factor.  .Aside  from  ibe  data  oblaiiied  relati\e  to  the 
ordinary  blood  exainiiialions,  nothing  ot  nott'  was  obser\ed  in 
the  specimens  of  hog  cholera  blood. 

A  few  months  ago  a  comparati\e  slud\   ol   normal  hog  blood 

'./ini.    dc   I'htsl.    I'a.itcur.    I!»():(,   17.    |i.    81. 

•lUr.  Ihicriirctl.    Hiliiisclir..   H)I2.  2H,  \t.  Ortll. 
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and  blood  from  animals  suffering  from  hog  cholera  was  under- 
taken, in  order  to  determine  whether  an\'  differences  could  be 
detected  by  means  of  the  dark  field  method  of  illumination.     A 
preliminary  report^  of  this  work  has  appeared. 

The  fresh  blood  of  normal  and  diseased  hogs  was  collected 
aseptically  in  sterile  sodium  citrate  solution  and  kept  in  the  incu- 
bator until  the  examination  was  completed.  The  blood  was 
obtained  from  the  caudal  artery  after  a  small  portion  had  been 
clipped  oft'  with  a  sterile  instrument.  In  this  way  bacterial 
contamination  was  reduced  to  the  minimum. 

In  the  blood  of  both  normal  hogs  and  animals  suffering  from 
hog  cholera,  as  in  the  blood  of  any  animal,  many  peculiar  struc- 
tures are  observable.  The  blood  of  normal  hogs  thus  examined 
on  the  dark  field  may  show,  in  addition  to  the  normal  structures, 
a  few  granular  bodies,  sometimes  a  few  bacterial  cells  from 
possible  extraneous  contamination  and  filaments.  The  latter  may 
assume  the  form  of  "dumb  bells,"  "chains,"  "droplets"  or  flexible 
filaments,  which  by  an  untrained  observer  might  easily  be  mis- 
taken for  spirochetes.  An  excellent  description  of  these  bodies 
as  well  as  others  found  in  the  blood  of  normal  animals  is  given 
by  Balfour.- 

Betegh,  in  examining  the  hog  lymph  and  serum  respectively, 
from  two  animals  dead  from  hog  cholera,  evidently  has  mistaken 
some  of  these  filaments,  described  by  Balfour,  for  bodies  of  some 
possible  significance.  In  his  very  recent  article  on  ultrafiltration 
experiments,  Betegh"  describes,  in  a  rather  confused  way,  his 
limited  dark  field  finding  as  follows  : 

"Series  I.  January  16,  1912.  Animal  infected  and  died  with  hog 
cholera  under  natural  conditions.  Pathological  changes:  Typical  stra- 
tification (button  ulcers)  in  cecum  and  colon;  edematous  infiltration  along 
the  arteria  coronaria  cordis;  infiltration  in  the  right  apex  of  lung;  dis- 
seminated infiltrated  areas  in  the  right  lung;  parenchymatous  degenera- 
tion of  the  kidneys;  hemorrhagic  inflammation  of  the  lymph  glands.  Diag- 
nosis: Hog  cholera.  Microscopic  findings:  Scattered  bipolar  and  other 
(colon)  bacilli  in  the  organs.  In  the  lung  lymph  beside  these,  small 
slightly  stained  bodies.  In  the  dark  field  examination,  actively  motile, 
massed    Ijodies    from   0.3   to   0.5    microns    in    size    are    visible,    which    are 


'King  and  Baeslack,  Jour.  Infect.  Dis.,  1913,  12,   p.  39. 
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strongly  light-refractive.  Many  appear  to  have  a  small  apophysis.  Very 
often  dumb-bell  like  forms  are  seen,  and  further,  spirochete-like  micro- 
organisms, which  have  at  each  end  a  light-refracting  round  knob.  Cul- 
tural :  On  alkaline  agar  these  have  grown  at  2)7°  after  24  hours,  many 
coli,  bipolar,  and  bacterial  colonies  similar  to  the  B.  suipcstifcr." 

"Series  II.  April  16,  1912.  Swine  sickened  and  died  under  natural 
conditions.  In  colon  a  typical  button  ulcer  of  the  size  of  a  small  coin. 
Several  lentil-sized  ulcers  at  the  point  of  anastomosis  of  the  small  in- 
testine into  the  colon.  The  mesenteric  lymph  glands  swollen  and  hemor- 
rhagically  inflamed.  The  apex  of  both  lungs  infiltrated,  atelectasis.  The 
pleura  was  weak  and  covered  with  pseudo-membranes.  Surface  of  in- 
cision of  the  lungs  marbled;  beside  yellow  necrotic  groups,  different  stages 
of  hepatization  of  partial  pneumonia  were  visible.  Diagnosis:  Hog  cholera. 
Microscopically  with  diluted  carbol  fuchsin  solution,  numerous,  short 
bacteria,  rounded  off  at  both  ends,  occasionally  typically  bipolar  colored, 
were  visible.  With  the  Giemsa  staining,  in  part,  the  same  form.  Numer- 
ous 0.3  to  0.5  micron  sized,  ovoid  or  round  forms  were  seen,  which  seemed 
to  arise  from  a  chromatin  substance.  In  colored  streak  preparation  from 
the  button  ulcers,  intra-  and  extra-cellular  typical  spirochetes  were  seen. 
Similar  bodies  were  abundantly  visible  with  the  dark  field  in  tlie  serum. 
They  were  actively  motile.  Between  small  (luml)-l)cll  shaped  forms  were 
seen  also  spirochete  forms.'' 


I'"n)ni  the  above  descriptidii  it  is  (juilc  (.'\  idcnl  thai  Uclcgli 
based  his  obser\ations  on  tlie  fallacies  lo  which  Balfour  has  so 
apt!}'  called  attention.  In  the  blood  of  different  species  of  normal 
animals,  ti'aments  ma\'  ])e  oljserved  which  at  times  closely  sim- 
ulate spirochetes.  Most  of  these  "pseiido-spirochetes,"  as  seen  in 
blood  on  the  dark  held,  present  a  knobbed  apjjcarance  at  each 
pole.  After  one  has  become  acciistonud  lo  ihc  appearance  of 
these  filaments,  one  can  readih  (listin;;uish  the  lack  of  motility, 
in  spite  of  a  flexuoiis  distortion,  whiih  i>  a:>>umc(l  as  the  tila- 
mcnts  are  carried  by  a  >li,L;]it  cm  rent  in  the  lluid  of  the  i)rei)ara- 
tion.  'J'hese  tllamenls  are  also  lackin<(  in  refractibilily  and  are 
relatively  slender  in  comparison  tn  the  spirochetes  reco^ni/ed  in 
this  work. 

Bacilli  are  easily  ret-oi.;ni/ed  in  the  dark  tield  b\  the  complete 
rij^idity  of  the  cells  and,  when  lla,L;ella  are  present,  by  the  ih.ir- 
aeteristic  tumbling  motion. 

Results  from  the  dark  field  examinations  of  si)ecinu'ns  of 
blood  from  some  -Mi  normal  hoj^'s  indicate  that,  as  a  ride,  the  blood 
is  relatively  free  from  granules.     Under  ordinary  conditions,  and 
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willi  few  exceptions,  the  blood  of  normal  hogs  examined  has 
been  designated  in  our  notes  as  "clean."  There  have  jjeen  some 
few  instances  in  which  the  blood  of  hogs  unexposed  to  cholera, 
and  in  apparently  normal  condition,  have  shown  the  presence  of 
numerous  granules.  The  presence  of  these  granules  in  normal 
blood  in  the  majority  of  cases  has  been  traced  to  ruptured 
leukocytes. 

In  the  specimen  of  l)lood  from  all  infected  hogs,  which  have 
been  observed  by  means  of  the  dark  tield,  a  relatively  large  spi- 
rochete has  been  found.  It  averages  from  five  to  seven  microns 
in  length  and  one  micron  in  width.  The  body  of  the  organism  is 
flexible  and  round  at  its  ends.  It  presents  no  knobbed  appear- 
ance at  its  poles.  Actively  motile,  it  revolves  about  its  longi- 
tudinal  axis.      Its   motility   is    undulating   in   character   and   its 


Fig.    1. — ]\Iicrophotograph   of   spirochete   in   blood   of  Hog   504.     India   ink   preparation. 

spirals  are  fixed.  A  few  of  these  organisms  have  been  observed 
dividing  longitudinally.  In  one  permanent  microscopical  mount, 
prepared  by  india  ink  fixation,  one  of  these  organisms  apparently 
shows  a  polar  flagellum.  On  the  dark  field  this  spirochete  is 
readily  distinguished  from  bacteria  on  account  of  its  lack  of 
rigidity  and  its  characteristic  motility,  and  from  "blood  filaments" 
by  its  greater  refractive  properties  and  characteristic  morphology. 
This  spirochete  has  not  been  found  in  large  numbers,  in  any 
of  the  blood  preparations.  However,  in  nearly  every  specimen 
examined,  more  than  one  has  been  observed  and  in  many  cases 
five  or  six  have  been  found  with  little  difiiculty.     As  a  rule  the 
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organisms  liave  been  found  to  be  more  numerous  at  the  height 
of  the  disease.  The  specimens  of  blood  examined  have  been 
diluted  in  the  proportion  of  about  one  to  ten  or  fifteen  with 
sterile  sodium  citrate  solution,  which  factor  should  be  considered 
in  contemplating  the  number  observed  in  a  given  positive  speci- 
men. Moreover,  it  is  suggested  that  this  organism,  when  ob- 
served as  a  spirochete  form,  constitutes  only  one  stage  of  its 
development. 

Certain  types  of  granules  ai)pear  to  be  characteristic  of  blood 
from  cholera  hogs.  It  usually  contains  man\-  granules,  some  very 
fine  yet  more  distinct  than  blood  dust,  some  larger  still,  and  some 
\  ery  distinct,  highly  refractive  bodies.  In  many  specimens  of 
cholera  blood  were  observed  innumerable  small  granules,  which 
were  much  more  definite  and  distinct  in  outline  than  blood  dust, 
and  easily  differentiated  from  the  whitish,  partially  refractive 
granules  from  rupttired  leukocytes  and  from  the  more  highly 
refractive  and  larger  bodies  composed  of  deljris.  bacteria,  and 
filaments.  In  this  work  the  presence  of  these  granules  appeared 
to  be  so  characteristic  of  blood  from  cholera  hogs,  that  it  became 
an  invaluable  aid  in  finding  the  spirochetes.  While  these  par- 
ticular bodies  may  be  disintegrated  blood  elements  resulting  from 
disease  processes,  yet  it  may  i)ri)i)crly  be  suggested  that  some  of 
them  may  rej)resent  certain  stages  in  the  life  c\clc  of  the  spi- 
rochete which  has  been  ol)served. 

The  majority  of  the  hogs  used  in  these  experiments  were 
inoculated  with  virus  which  was  diluted  1  to  I  with  sterile  physio- 
Ifjgic  salt  solution  and  filtered  through  llerkefeld  filters.  In  the 
filtrates  only  a  few  granules  were  visible  when  studied  on  the 
dark  field. 

In  this  connection  it  should  be  mentioned  that  tlie  majoritv 
of  the  dark  field  exrnninations  which  are  inchided  in  this  work 
have  been  checked  by  each  of  us.  In  addition  to  the  above  means 
of  controlling  the  results,  specimens  of  I)lood  were  at  times  col- 
lected by  an  assistant  who  designated  the  specimens  bv  symbols. 
As  the  daily  examination  often  imluded  specimens  from  both 
normal  and  diseased  animals,  the  results  were  put  to  a  practical 
test,  and  in  no  instance  did  the  results  from  tlu-  dark  tield  ex- 
annnatioii  d(\  iale  from  tlu'  clinical  conditions  of  the  animals 
who^e  blood  was  exrnnined.     In  somi'  instances,  as  will  be  shown 
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1)V  the  following  detailed  results,  the  presence  of  hog  cholera 
infections  was  practically  detected  by  the  dark  tield  examination 
before  it  was  known  that  the  animals  showed  any  symptoms  of 
the  disease. 

It  is  interesting  to  note  that  in  189-i  Dr.  Theobald  Smith^ 
su])mitted  the  following  brief  report  on  "Coarse  and  Fine  Spirilla 
in  the  Intestine  of  a  Hog"  : 

"The  recently  puhlislied  artick^s  on  fine  spirilla  in  the  excrement  of 
cholera  subjects  prompt  me  to  conununicate  an  observation  from  animal 
pathology.  Early  in  1889  1  found  non-liquefying  comma  bacilli  in  small 
abscesses  of  the  large  intestine,  in  a  hog  which  I  have  briefly  described 
in  this  journal.  In  streak  preparations  of  the  same,  stained  with  alkaline 
methylene  blue,  I  found,  besides  large  quantities  of  vibrios,  also  a  great 
many  fine  spirilla,  of  two  to  three  wave-lengths.  The  wave-lengths  of 
fixed  form  are  about  two  microns.  A  preparation,  now  more  than  five 
years  old,  still  shows  the  tiny  spirilla  very  distinctly.  At  that  time  they 
never  appeared  again  in  cultures.  Further  investigations  concerning  the 
presence  of  this  organism  in  other  animals  have  not  been  made." 

Betegh,  in  a  lecture  and  demonstration  given  before  the  \'et- 
erinary  Congress  at  Budapest  in  May,  1912,  called  attention  to 
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Fig.      2. — .Micni]ihotograiih,      spirochete  Fig.  3. — Micioiihotograiih  of  spirochetes 

stained  by  Giemsa  method,  from  intestinal        in    impure    culture,    from    cecal    ulcer    of 
ulcer  of  Hog  j.jfi.  Hog  .5.51. 

the  spirochetes  which  were  demonstrable  in  the  ulcers  of  animals 
dead   from  hog  cholera. 

Little  difficulty  has  been  experienced  in  finding  spirochetes  in 
the  intestinal  ulcers  of  hogs  dead  from  cholera.     In  the  present 
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work,  the  ulcers,  as  found  in  the  cecum  of  cholera-infected  hogs, 
have  been  obtained  as  free  from  contamination  as  possible, 
washed  with  sterile  water,  and  intermittently  scraped  with  sterile 
instruments.  Portions  of  the  scrapings  from  the  diseased  sub- 
mucosa,  after  the  above  treatment,  have  then  been  examined  on 
the  dark  field  and  in  stained  preparations,  preferably  by  the 
Giemsa  method.  While  it  thus  appears  possible  to  demonstrate 
spirochetes  in  hog  cholera  ulcers  with  uniformity,  yet  a  large 
variety  of  bacterial  species  of  course  constitute  the  flora.  With 
present  methods  of  study  therefore,  the  recognition  of  these 
spirochetes  in  the  intestinal  lesions  cannot  be  taken  as  of  great 
significance.  Whether  or  not  some  of  these  spirochetes  in  the 
intestinal  lesions  bear  any  relation  to  those  present  in  the  blood 
of  cholera  hogs  is,  of  course,  an  open  question.  It  is  possible 
that  the  sjjirochetes  found  in  llic  blood  enter  the  lympli  and  blood 
stream  at  an  early  stage  of  the  ulcer  formation.  This  would 
offer  a  possible  explanation  of  their  c()mparati\cl\-  small  nnmlier 
as  seen  on  any  one  blood  mount. 

The  details  of  the  exi)erinKnts  may  be  better  understood  l)y  a  study 
of  the  following  temperature  eharts  and  laboratory  notes.  The  tempera- 
ture charts  include  the  time  of  inoculation,  death  or  release  of  each  ani- 
mal, and  other  necessary  data,  including  brief  notations  of  clinical  con- 
ditions and  changes  observed  after  death.  The  results  of  the  dark  field 
examinations  are  indicated  by  positive  and  negative  signs  placed  above 
the  temperature  curves  on  the  dates  when  the  observations  were  made.  In 
some  instances  the  presence  of  granules  or  freedom  of  the  blood  from 
granules  is  indicated   by   abbreviations,  gr.    (granules)    and   c.    (clean). 

B.A.I,  strain  of  virus. — The  histriry  of  the  strain  of  virus,  designated 
in  these  notes  as  the  "i}..\.T.  strain  of  virus,"  was  supplied  by  Dr.  Giltner 
of  the  Michigan  Agricultural  College  as  follows:  "This  is  a  representative 
of  the  original  strain  of  Buf^au  of  Animal  Industry  virus  secured  by  Dr. 
Marshall  at  the  conference  at  Ames  in  May,  1908.  We  have  never  kept 
any  other  strain  of  virus  in  the  laboratory  for  any  length  of  time.  Prac- 
ticnlly  all  of  our  serum  has  been  produced  on  the  basis  of  this  virus.  It 
would  be  possible  but  very  difhcult  to  trace  the  passages  through  which 
this  virus  has  gone  since  wc  first  began  to  use  it." 

Heginniiig  with  Hog  <46  the  blood  of  ])ractically  all  animals  used  in 
these  experiments  was  carefully  examined  before  inocul.ition  in  order  to 
control  the  results. 

Hog  446,  inoculat'-d  with  the  H.A.I,  strain  of  virus  (Hog  444), mani- 
fested .symj)toni3  of  the  acute  type  of  hog  cholera  after  an  incubation 
period  of  seven  days.  Three  positive  findings  were  made  in  tiie  blood  of 
this  animal. 
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Results  from  the  dark  field  examination  of  the  blood  of  Hogs  453 
and  454  afforded  most  interesting  data.  Both  of  these  animals  recovered 
after  a  mild  course  of  the  disease  following  a  relativel}-  long  period  of 
incubation.  As  the  symptoms  in  both  animals  disappeared,  dark  field  ex- 
aminations failed  to  reveal  the  presence  of  the  spirochete  and  the  nu- 
merous characteristic  granules.  These  hogs  were  kept  under  observation 
during  a  period  of  one  month  following  recovery  and  were  ultimately 
released  as  "immune." 

Hog  455  was  kept  in  a  separate  room  in  the  experimental  stable  from 
October  26  until  November  10  for  the  purpose  of  serving  as  a  control  on 
the  methods  used  in  isolating  the  experimental  lots  of  hogs.  During  a 
part  of  this  period  Hog  455  suffered  from  a  parasitic  skin  affection,  but 
dark  field  examinations  demonstrated  a  "clean"'  blood,  free  from  granules 
and  the  spirochete.  On  November  10  the  animal  was  exposed  to  the 
disease  and  developed  symptoms  in  six  days.  His  blood  th.en  showed 
positive  findings  and  autopsy   revealed   lesions   of  cholera. 

The  charts  of  Hogs  506  and  507,  inoculated  with  the  B.A.I,  strain  of 
virus,  need  no  further  explanation. 

Michigan  (Dernerick)  strain  of  zinis. — On  September  24  a  farm  at 
Roseville,  Mich.,  was  visited  for  the  purpose  of  examining  the  herd  of 
hogs.  Several  sick  hogs  of  this  herd,  which  had  teen  isolated,  manifested 
symptoms  similar  to  those  of  hog  cholera — malaise,  anorexia,  high  fever, 
and  diarrhea.  A  few  purple  areas  were  observed  on  the  abdomen  and 
ears. 

Hog  No.  446.     B.A.I.  Strain  of  Virus. 
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Remarks:   September  20.     Animal  inoculated  with  3  c.c.  from  444   (B.A.I.). 

September  2~.     Symptoms  appeared. 

October       10.     Animal  moribund,  bled  and  examined. 

Skin  on  ventral  surface  of  body  purple  in  color;  hemor- 
rhagic areas  in  subcutaneous  and  muscular  tissues.  Lym- 
phatic glands  enlarged  and  hemorrhagic.  Kidneys  show  a 
few  petechia,  ulcers  in  cecum. 
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Hoc  No.  449.     B.A.I.   Strain-  of  Virus. 
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Re.marks:   September  27.     Inoculated   with   4   c.c.   B..\.I.   virus. 

October  T^.     Symptoms  appeared. 

October       18.     Animal   found  dead. 

Purple  hemorrhagic  areas  extending  over  greater  portion  of 
body  externally  and  into  subcutaneous  tissue  internally. 
Lymphatic  glands  enlarged  and  hemorrhagic.  Ulcers  in 
cecum.  Kidneys  petechiated.  Areas  of  fatty  degeneration 
in  liver,  right  lung,  upper  lobe  solidified. 


Hoc-.  Xo.  4.'):{.     H..\.I.   Strain   of  Virus 
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Kkmarks:   October       21.      Inociilated  with  4  c.c.    H..\.I.   (filtered)  virus,  filtered   through 
Itcrkefebl. 
November     2.     Symptoms   appe.'ired. 
November     .I.      Hlood    positive. 
November   III.      .\nimal    recovered. 
I)<(  riiilii  1     I.,        \iinii.il    T.lijisi-d     immune. 
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IIOG  No.   454.     B.A.I.   Strain   of  Virus. 
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Remarks:   October       2.5.  Inoculated  with  4  c.c.   B.A.I,  virus   (unfiltered). 

November     2.  Symptoms   appeared. 

November  19.  Animal    recovered. 

December  15.  Animal  released,  immune. 


Hoc  No.  455.     B.A.I,  or  Michigan   (Demerick)    Straix  of   Virus. 
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Remarks:  Control.  October  28.  Appearance  of  "rash"  on  abdomen  and  flanks.  Ani- 
mal eats  well  and  shows  no  symptoms  of  cholera.  Diag- 
nosed as   parasitic  skin  affection. 

November  10.      Recovering   hogs    (not   dipped)    446,    447,    448    placed    in    in- 
closure  with  455. 

November  10.     Animal   sick. 

November  21.     Pig  moribund,  bled  and  examined. 

Typical  lesions  in  cecum,  lymphatic  glands,  and  lungs. 
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Hog.  Xo.   506.     B.A.I.  Strai.v  of  \'irus. 
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Remarks:  October  30. 
November  4. 
November  10. 


Inoculated  with    4   c.c.    B..\.I.   virus. 

Symptoms  ai)pcarc(l. 

Animal   found  dead  and  examined. 

Cecum,   lymphatic   glands,    spleen,    kidneys,    and    lungs    show 

typical  lesions  of  cholera. 


Hog  No.   uOT.     B..\.I.    Strain  of  \'irus. 
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Remarks:  October  30. 
November  4. 
November  11. 


Inoculated   with    4   c.c.   n..\.T.   virus. 

Symptoms  ai>|)eare(|. 

Animal  found   dead  and  examined. 

Lymphatic    glands,   cecum,   lungs,    kidneys,   and    si)lecn    show 

typical  lcsii)ns. 


With  tlif  permission  of  tlic  owner  two  of  tlic  animals  wcrr  Iilrd  from 
tlie  carotid  artery  and  careful  examinations  made.  'J'ypical  lesions  of  lin.n 
cholera  were  found  in  the  lar^'e  intestines,  lymphatic  glands,  lungs,  kid- 
neys, and  .spleen,  and  a  positive  rliagnosis  of  the  disease  in  the  acute  form 
was  made. 

On  Scplemlier  26  two  animals  affected  with  hog  ciioKra  were  luoiiglil 
to  the  laboratory.  The  hloo<l  of  one  of  these  hogs  was  examined  imme- 
diately and   the  sjiirochetes  were   found  with  little  difficulty.    This  animal 
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was  niurilniiul,  and  was  bled  and  examined  on  the  same  day.  The  other 
hog.  Xo.  448,  ultimately  fully  recovered  from  the  disease.  An  examina- 
tion of  llie  temperature  chart  of  hog  448  will  show  the  logical  results 
ol)tained  from  the  study  of  his  blood  on  the  dark  field. 

Three  hogs,  \os.  450,  451,  and  452,  were  inoculated  with  the  Michigan 
(Demerick)  strain  of  virus.  The  results  of  the  dark  field  blood  examina- 
tions appear  in  the  charts  below  and  were  clearly  confirmatory  of  previous 
findings. 

Michigan  (Rochester  I)  strain  of  virus. — On  November  9,  eight  ap- 
parently normal  pigs  were  received  from  Rochester,  Mich.  No  particular 
notice  was  taken  of  these  animals  as  the  blood  of  other  hogs  suflfering 
from  cholera  was  at  the  time  under  close  observation.  The  eight  suscep- 
tible pigs  were  received  in  an  isolated  pen,  at  some  distance  from  the 
experimental  stable,  and  cared  for  by  an  attendant  who  never  entered 
the  experimental  stable.  This  was  the  routine  procedure  when  normal 
pigs  were  received. 

Hog  No.  448.     Michigan   (Demerick)    Strain  of  Virus. 
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Remarks:   October  12.     Animal  fully  recovered.     Released  as  immune. 


On  the  evening  of  November  12,  Hog  503,  one  of  the  eight  apparently 
normal  pigs  from  Rochester,  was  removed  to  the  experimental  stable, 
inoculated  with  Michigan  (Demerick)  strain  of  virus  and  placed  alone  in 
a  disinfected  room.  In  this  instance  no  dark  field  blood  examination  was 
made  before  inoculation,  owing  to  the  lack  of  time.  It  was  planned  that 
the  examination  of  the  blood,  for  the  purpose  of  control,  should  be  made 
the  next  morning  following  the  inoculation.  Likewise  no  temperature  ob- 
servation was  made  until  the  next  morning.  On  November  13,  the  day 
following  the  inoculation  of  Hog  503,  the  dark  field  examination  of  the 
blood  revealed  the  spirochete.  The  organism  was  again  found  on  Novem- 
ber 14.  At  this  time  the  temperature  of  the  animal  was  104.2"  F.  and  it 
showed  symptoms  of  hog  cholera.   An  inspection  of  tlie  remaining  hogs  of 
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this  lot.  which  were  still  in  the  isolated  i)en  used  for  receiving  susceptible 
animals,  showed  that  practically  all  were  suffering  from  the  disease. 
Among  the  apparent  symptoms  were  diarrhea,  anorexia  and  listlessness. 

Hog  No.  450.     Michigan  (Demerick)   Sti(ain  of  X'irls. 
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Remarks:  September  27.     Animal  inoculated  with  i  c.c.  Demerick  virus. 

October         5.     Symptoms  appeared. 

October       14.     Animal  found  dead  and  examined. 

Large  areas  of  congestion  and  hepatization  in  lower  lobes  of 
both  lungs,  kidneys  contain  a  few  petechiae.  Spleen  en- 
larged and  gorged  with  blood.  Mucosa  of  large  intestine 
congested.     Lymph    glands  enlarged  and   hemorrhagic. 

Hog  Xo.  451.     Michigan    (Dkmekick)   Strain  ok  Virus. 
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Nfmarks:   October        'ii.      Demerick  virus   (filtered   ihrough   Herkcfeld). 
Noveml>er     1.      Symptoms  developed. 
November     4.      .Animal   found  dead  .'ind   examined. 

f.esioiis  in  lymphatic  glands,  sjileen,  lungs,  and   cecum  typical 

of  chnk-ra. 


Careful  inquiry  was  made  as  to  the  source  of  this  lot  of  pigs  and   it 
was  found  that  tluy  were  purchased  frotn  a  stock  buyer,  wdio  had  kept 
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them  for  10  days  previous  to  receipt  in  an  enclosure  which  received  all 
hogs  purchased.  Thus,  it  was  clear  that  these  pigs  had  been  subjected  to 
one  of  tlie  most  common  methods  of  exposure  to  the  disease,  and  that  an 
incubation  period  of  10  days  had  elapsed  before  they  were  delivered  at 
the  laboratory. 

Hog  No.  452.     Michigan    (Demerick)   Strain  of  Viru.s. 
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Remarks:   October       24.     Inocul.ited   wiili    j    c.c.    of   Michigan    (Demerick)    virus 
filtered). 
November     1.      Symptoms  appeared. 
November  17.     Animal  recovered. 
December  15.     Animal   released,   imnnine. 
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HoG  No.    503.     Michigan   (Rochester)    Strain  of  Virus. 
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Remarks:   November  12.     Inoculated  with  4    c.c.   virus  from   Hog  450  Michigan    (Dem- 
erick)  strain. 

November  14.     Found  pig  showing  symptoms.     One  of  Rochester  hogs. 

November  17.     Typical  symptoms. 

November  20.     Typical  symptoms. 

November  26.     Animal   moribund,    bled   and   examined. 

Lymphatic    glands,    lungs,    kidneys,    and    heart    muscle    show 
typical   lesions. 
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In  this  instance  a  diagnosis  of  hog  cholera  was  practically  made  by 
means  of  the  dark  field. 

The  autopsy  findings  in  Hog  503.  which  was  bled  two  weeks  after 
being  taken  under  observation,  could  not  consistently  be  used  to  verify  the 
diagnosis  of  cholera  in  this  lot  of  hogs,  because  of  the  fact  that  this 
animal  had  received  an  inoculation  of  Michigan  (Demcrick)  strain  of 
virus. 

Hog  504  was  kilk-il  and  examined  on  Xovenibcr  16,  after  two  positive 
dark  field  examinations  were  made.  The  lesions  were  not  pronounced  be- 
cause of  the  fact  that  sufficient  time  had  not  elapsed  for  typical  lesions  of 
cholera  to  develoj). 

The  disease  in  this  lot  was  of  the  subacute  or  chronic  tyi)e  as  is  shown 
l)y  a  study  of  the  following  charts  of  Hogs  505,  509,  510.  511.  and  513. 
The  clinical  conditions  and  autopsy  findings  left  no  room  for  doubt  as  to 
the  nature  of  the  disease. 

Hoc  No.  50.J.     Michigan   (Rochester)    Strain  of  Virus. 
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Remarks:   November  15.     One  of  Rochester  pigs.     Not  inoculated. 

November  20.     Symptoms  of  chronic  type. 

December   10.     Animal   very   weak   and   emaciated. 

December  19.     Hog  died  on  bleeding  table. 

Lymphatic   glands,    heart   nuiscli-.   liiiit;>..    UiAu, 
show   typical    lesions  of  cholera. 


In  fiirtlar  confirmation  of  tiie  diagnosis  of  hog  cholera  in  tlic  above 
animals,  when  received  at  the  lal)oratory,  attention  should  be  called  to 
the  cliart  of  Hog  514.  This  animal  remained  in  the  isolated  pen  for  sus- 
ceptible hogs  at  the  time  the  Kochesler  pigs  were  received.  Hog  514  had 
I)een  kept  for  a  i)eriod  of  several  weeks  in  the  pen  for  "susceptil)les"  pre- 
vious to  this  time  and  was  in  a  healthy  condition.  The  animal  was  not 
otherwise  exposed  to  the  <lisease,  but  promptly  developed  cholera  about 
six  days  after  the  Rodiestcr  pigs  were  placed  witli  it.  'IMu-  lilood  of  Hog 
514  showed  the  presence  of  the  spirochete  on  three  different  examinations 
and  autopsy   reveale<l  typical  legions  of  the   disease. 


Indiana  strain  of  virus. — This  virus  was  secured  from  Mr.  Dclplane 
and  was  originally  supplied  In-  Dr.  R.  A.  Craig,  who  reported  that  this 
strain  was  secured  by  him  in  tiie  Held  some  lime  ago  and  did  not  represent 
the  B.A.I,  strain  of  virus. 

Hog  SOI  was  inoculated  with  5  c.c.  of  Indiana  I  virus  on  November 
7,  after  having  made  a  dark  field  examination  of  the  normal  lilood.  On 
the  seventh  day  after  inoculation  the  spirochete  was  found  in  the  blood 
of  this  animal,  although  symptoms,  with  the  exception  of  a  beginning  rise 
of  temperature,  were  not  observed  until  the  following  day.  Attention 
should  be  called  to  the  fact  that  on  the  ninth  day  after  inoculation  no 
spirochetes  could  be  found  in  the  blood,  but  characteristic  granules  were 
present,  while  on  the  tenth  day  the  spirochete  was  again  found.  This 
phenomenon,  observed  in  other  cases  as  well,  suggests  that  the  spirochete 
under  observation  represents  one  stage  in  the  life  cycle  of  the  organisms, 
and  that  the  granule  formation  is  possibly  an  important  factor  in  its 
development. 


IIOG    No. 


^Michigan    (Rochester)    .Strain   of  \'irus. 
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Remarks:   November  16.      Rochester   pig.      Not  inoculated. 
November  20.     Symptoms  of  chronic  type. 
December     9.     Animal   found  dead. 

Lymphatic   glands,   lungs,   spleen,    heart   muscle,   and   kidneys 
show   typical   lesions. 


California  (Hall)  strain  of  virus. — Dr.  Ivan  C.  Hall  of  California 
supplied  this  virus  and  the  following   history: 

"We  Iiave  just  bled  a  hog  originally  injected  with  a  virus  obtained 
from  one  of  our  California  towns.  This  virus  was  injected  after  being 
filtered  and  proven  bacteria  free,  as  it  originally  contained  pure  culture 
of  B.  cholera  suis. 

"The  hog  became  very  sick  aljout  10  days  after  and,  appearing  mori- 
bund, we  bled  him  to  death.  The  virus  which  I  am  sending  you  is  some 
of  this,  after  it  had  been  diluted  to  one  part  in  four  and  filtered  through 
a  Berkefeld  filter." 
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lIoG  No.  510.     Michigan   (Rochester)   Strain  of  Virus. 
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Remarks:   November  IC.      Rochester  pig.     Not  inoculated. 
November  20.      Symptoms  of    subacute   type. 
December  10.     Animal  very  weak  and  emaciated. 
December   ]2.     Animal   moribund,   bled   and   examined. 

Spleen,   lymphatic    glands,  and  cecum  show   typical  lesions  of 
cholera. 


Hog  No.  511.     .Michigan   (Rochester)   Strain  of  Virus. 
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Ri  marks:   November  10.     Rochester  pig.     Not  inoculated. 

November  20.     No  marked  symptoms,  looks  fairly  good. 
December     1.     Symptoms  of   subacute  type. 
December   10.      Animal  very  weak  and  emaciated. 
December   Ifi.      I'oiind    dead. 

Typical  lesions,  Ivmplialic  glands,   kidneys,  lungs,  and  cecum. 


383 


Hog  Xo.   513.     Michigan    (Rochester)    Strain  of  \'irus. 
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Remarks:   Rochester  pig,   not   inoculated. 

November  20.     No  marked  symptoms,  but  not  doing  well. 
December     5.     Subacute  or  chronic  case. 
December  10.     Animal  weak  and  emaciated. 
December  18.     Animal  moribund,  bled   and   e.xamined. 

Lungs,    heart  muscle,    lymphatic   glands,   kidneys,   and   cecum 
show  typical  lesions. 


Hog  Xo.   .514.     Michigan-    (Rochester)    Strain   of  Virus. 
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Remarks:  November     9-11.      Rochester  pigs  were  placed  with  this  hog,  which  was  normal. 
November  25.     Animal   moribund,   bled  and  examined. 

Typical  lesions,  lymphatic  glands,  kidneys,  lungs,  and  spleen. 
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Hog  Xc.  501.     Indiana  I  Strain  of  Virus. 


,»«.«.» 

pnv. 

». 

3 

4 

5 
n 

6 
1  y 

7 

±2 

n  9 

10    11 
Ifi  1 ' 

+ 

— 

+ 

+ 

+ 

.", 

K 

/ 

/ 

^ 

\ 

\ 

/ 

/ 

V 

^ 

/ 

'~ 

/ 

V 

/ 

N, 

^ 

n 

\f 

Remarks:   November     7.     Inoculated  with  5  c.c.  of  Indiana  I   Virus. 

November  12.     4  p.m.     Animal  showed  symptoms. 

November  IS.     Animal  moribund,  bled  and  examined. 

Purple  areas  of  discoloration  on  abdomen,  nose,  and  ears. 
Subcutaneous  blood  extravasations.  Lymphatic  glands  en- 
larged and  hemorrhagic.  Roth  kidneys  petechiated  and  con- 
tain retention  cysts.  Hemorrhagic  areas  in  heart  muscle, 
lungs  partially  consolidated  in  both  upper  and  lower  lobes. 
Ulcers  in  cecum. 


Hog  No.  .002.     California  (Hai.i.)  Strain  of  Virus. 
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Ki.marks:    Novntilicr  IH.      Inoculalcil  with   I.'i  c.c.   ralifornia    (Il.ill)    virus   (diliiliil    1   O 
aiui  lillercd  through  Ucrkefeld. 
Nnveinlicr  20-30.      Slight  symi)tonis. 
I)eccinl)cr     .'{.      .\nimal   apparently   normal. 
December     5.     Animal  killed  liy   large   mal<-    IL.n   Nn.    idii.      No  Icsicm". 
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Hog  502,  which  received  the  aljovc  strain  of  virus,  liad  Ijccn  kept  tor 
several  days  as  a  control  on  the  isolation  of  the  experiments  and  on  the 
dark  field  examinations  of  the  blood  of  normal  and  diseased  hogs.  Nine 
days  after  inoculation  this  animai  exhibited  mild  symptoms  of  hog 
cholera,  with  temperature  of  103.5°  ¥.  Tlic  spirochete  was  found  in  its 
blood.  Fifteen  days  after  inoculation  its  blood  was  free  from  spirochetes 
and  characteristic  granules.  On  the  17th  day  it  was  killed  l)y  large  male 
Hog  400,  and  at  autopsy  no  pathological  lesions  could  be  found. 

Ohio  (I'ettigrew,  Hazen,  and  Heinz)  strains  of  virus. — The  viruses, 
obtained  through  the  kindness  of  Dr.  Paul  Fischer  and  Dr.  A.  D.  Fitz- 
gerald, were  taken  from  three  different  outbreaks  and  represented  mix- 
tures of  blood  samples  from  the  number  of  pigs  indicated  on  the  labels. 
Ohio  (Pettigrew),  Ohio  (Hazen),  and  Ohio  (Heinz)  represented  mixtures 
or  virulent  blood  from  three,  five,  and  six  pigs  respectively. 

Hog  No.  51.5.     Ohio  (Pettigrew)   Strain  of  Virus. 
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Remarks:   November  20. 


November  29. 
December     4. 


Inoculated   with   15    c.c.    filtered    (Pettigrew)    Ohio   virus,   di- 
luted with  normal  saline  I-!. 
Animal  quite  sick. 

Animal  moribund,  bled  and  examined. 

Spleen,   kidneys,    lymphatic   glands,    liver,    lungs,    and   cecum 
show  typical  lesions. 


A  dark  field  examination  was  made  of  the  undiluted  Ohio  (Pettigrew) 
virus,  as  found  in  the  original  container,  and  one  spirochete  was  observed. 

The  spirochetes  were  found  in  the  blood  of  hogs  inoculated  with  all 
three  strains  of  Ohio  virus,  as  shown  on  the  following  charts.  The  blood 
of  Hog  521  (Ohio,  Heinz  strain)  on  the  fiftli  day  after  inoculation  con- 
tained relatively  numerous  spirochetes.  On  the  seventh  day  none  could 
be  found,  while  on  the  eighth  day  the  organism  was  readily  found.  By 
the  eleventh  day  the  clinical  condition  was  much  improved  and  the  find- 
ings were  negative,  but  the  animal  suffered  a  relapse,  and  on  the  day  of 
death  the  organisms  were  again  iiresent  in  the  blood. 
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Hog  No.   521.     Ohio    (IIeixz)    Strai.v  of  Virus. 
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Remarks:   ]5ecenil)er     2.     Hog  in  good  condition. 

December     5.     Inoculated    with    15   c.c.    Ohio    (Ileinz)     virus,    Rerkefeld    fil- 
tered and  diluted  1-4. 

December  10.      Symptoms  appeared. 

December  15.     Condition  of  animal   improving. 

December  19.     Animal  suffered  relapse. 

December  23.     Animal  died. 

Ventral  surface  of  body  deep  purple  color.  Extravasations 
in  subcutaneous  tissue.  Inguinal  glands  large  and  hemor- 
rhagic. Lungs,  both  involved  in  all  portions,  highly  con- 
gested, partially  consolidated  in  small  areas.  Bronchial  tubes 
filled  with  exudate.  Heart,  pctechiae  in  auricles  and  the 
heart  muscle.  Both  kidneys  show  small  petechiae.  Liver, 
passive  congestion.  Mesenteric  and  retroperitoneal  and  in- 
guinal lymph  glands  enlarged  and  hemorrhagic.  Cecum 
shows  ulcers. 


Hog  No.   525.     Ohio   (IIaze.s)    Strain  of  Virus. 
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Kkmarks:    December      1.      Su>cfptilile    pig;    line   rnnilition. 

December    II.      Iiintiilaled    15  c.c.   <)tii<i    (Il;i/en)    virus   dilut< 

kcfcld   filtered. 
December  20.     Anf)icxia,   listless. 
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Hog  525,  inoculated  with  the  Oliio  (Hazen)  strain  of  virus,  mani- 
fested symptoms  on  the  fiftli  day  after  inoculation,  and  on  that  day  the 
findings  were  positive.  This  animal  is  now  fully  recovered  and  no  spiro- 
chetes are  present  in  his  blood. 

Kansas  I  strain  of  rirus.—FToiessor  L.  1).  Bushnell  supplied  this 
virus  and  described  it  as  follows:  "I  sent  you  a  couple  of  ounces  of  hog 
cholera  blood,  which  was  collected  from  an  outbreak  about  a  mile  east  of 
Manhattan,  Kan.,  by  Doctor  Gingery.  This  animal  was  killed  and  showed 
typical  lesions.  It  had  a  temperature  of  108".  Twelve  animals  had  died 
wiieii  the  herd  was  vaccinated." 

This  virus,  when  received,  was  examined  on  the  dark  field.  It  was 
found  to  contain  numerous  granules,  some  bacteria,  l)ut  no  spirochetes 
were  observed.  The  blood  of  Hog  516  inoculated  with  this  virus  showed 
the  presence  of  the  spirochete. 

IIoG   No.    523 — Continued. 
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Remarks:  January  21.     Animal  fully  recovered,  released. 


Unknoivu  strain  of  zirus.— On  November  25  and  26,  Hogs  517  and  518 
were  inoculated  with  California  (Hall)  and  California  (University) 
strains  of  virus  respectively.  Before  inoculation,  blood  from  these  ap- 
parently normal  animals  were  collected  in  sterile  sodium  citrate  solution 
for  control  examination.  In  the  case  of  Hog  518  the  dark  field  examination 
of  the  assumed  normal  blood  revealed  the  presence  of  the  spirochete. 
Subsequent  developments  clearly  indicated  that  these  animals  were  in  some 
way  exposed  to  the  disease  before  inoculation,  as  clinical  evidences  of 
the  disease  were  clearly  present  in  both  cases  within  a  day  or  two  follow- 
ing inoculation,  an  interval  of  too  short  duration  to  correspond  with  tiie 
incubation  period  which  should  follow  the  injection  of  virus.  Moreover 
Hogs  517  and  518  were  both  in  a  morilnmd  condition,  eigiit  and  seven  days 
respectively,  following  the  inoculation,  periods  relatively  shorter  than  the 
average  duration  of  the  course  of  the  disease  of  cases  included  in  this 
wiirk. 
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lIoG  No.   .')ir..     Kansas   I   Strain   of  \'irus. 
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KcMARKs:   November  21.     Inoculated  with  4  c.c.  Rerkcfcld  filtered  Kansas  I  virus. 
Xovember29.     Animal   very  sick. 
December     ."i.     Animal   moribund,  bled  and  examined. 

Typical  lesions,  marked  in  lymphatic  glands,  kidneys,  cecum, 

spleen,   and  lungs. 


Hoc  No.  .')!".     Unknown  Strain  of  X'irus. 
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IU;.maki;s:    November  25.     Inoculated    with    15    c.c.    California     (Hall)    virus,    Hcrkcfcld 
(illcrcd  and  diluted  1-4. 
November  20.      Animal   shows  symptoms,   evidently    due   to   previous   natural 

exposure. 
December     3.     Animal   moribinid,  bled  and  exainineil. 

Cecum,    lym|ihatic    glands,    spleen,    kidneys,    and    Iuiiks    show 
ly|>ical  lesions. 


Calif (rilia  (Uiikrrsily)  strain  of  7irus.-  \h-.  C.  M.  llariiiK  and  Dr. 
]•".  J.  Mitcltell  kindly  furnished  this  specimen  of  virus.  Tlic  liistory  of  the 
material  follows:  "'J'his  i)articular  virus  1  am  sending  comes  from  an 
outbreak  of  a   not   severe   tyi)e,  hut   the   virus   has  been   killing  pigs  now 
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in  Irom  seven  to  twelve  days  for  the  last  four  months.  Pigs  showed 
petechiae  in  the  limgs  and  kidneys,  very  few  on  the  intestines.  Ulcers 
are  sometimes  present,  sometimes  not." 

This  strain  of  virus  was  injected  into  Hog  524  after  having  established 
three  negative  dark  field  examinations  of  his  blood.  As  shown  on  the 
chart  the  spirochetes  were  observed  at  three  different  times  during  the 
course  of  the  disease.  Again,  in  this  case,  the  spirochete  was  found  about 
24  hours  before  any  clinical  symptoms  or  rise  of  temperature  occurred. 


Hog  No.  518.     Unknown  Strain  of  Virus. 
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Remarks:   Inoculated  November  26,   with  15  c.c.  University  of  California  virus,  filtered 
and  diluted  1-4. 

Not  eating  well,  red  spots  on  ventral  surface  of  body.  Prob- 
ably infected  with  natural  exposure  previous  to  inoculation. 
Animal  moribund,   bled  and  examined. 

Small  blood  extravasations  in  muscular  and  subcutaneous 
tissue.  Spleen  slightly  enlarged,  dark,  gorged  with  blood. 
Capsules  of  both  kidneys  loosely  adherent,  and  both  kidneys 
filled  with  small  urinary  cysts.  Both  lungs  show  areas  of 
consolidation.  Inguinal  and  mesentery  glands  enlarged  and 
hemorrhagic.     Ulcers  present  in    cecum. 


Michigan  {Rochester  II)  strain  of  virus. — On  January  10,  1913,  15 
apparently  normal  hogs  were  received  from  Rochester,  Mich.  These  pigs, 
averaging  about  40  pounds  in  weight,  while  not  in  thrifty  condition,  did 
not  appear  to  be  diseasesd. 

On  January  11,  dark  field  examinations  of  the  blood  of  two  of  these 
animals  revealed  the  presence  of  the  spirochetes.  The  temperatures  of 
these  two  anim,als  were  each  103.8°  F.  and  a  tentative  diagnosis  of  the 
chronic  type  of  cholera  was  made.  On  January  13,  three  days  after  the 
receipt  at  the  laboratory,  the  temperatures  of  seven  of  the  15  animals 
ranged  between  104"  and  105.5"  V.  and,  from  other  symptoms,  there  was 
no  doubt  but  that  the  diagnosis  of  cholera  was  correct.  Investigation 
showed  that  on  January  1  these  animals  were  placed  under  such  condi- 
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tions  that  exposure  to  hog  cholera  might  result.  As  they  were  received  at 
the  laboratorj^  on  January  10  and  symptoms  definitely  established  by 
January  13.  there  existed  a  period  of  incubation  corresponding  to  that 
usually  present  in  the  chronic  or  subacute  types  of  cholera. 

Hog  No.  524.     California  (University)   Strain  of  \'ikus. 
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Ke.marks:   DecemUer     4.      Susceptible  i>ig;  line  condition. 

December  14.     Inoculated    l'>    c.c.    California    (University)    virus,    Berkefeld 

filtered  and  diluted   1-4. 
December  18       "Off   feed."     Symjitonis  appeared. 


Hoc   No.    't2i — Continued. 
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'lypical   Ii-si<  ns,  Iiiiiks,  liver,  kidneys,  spleen,  iciinii.   int;nin;il 
Klands,  larKe    intestine,   .•iiul   sulicutanenus  tis.stic. 


These  animals  arc  under  observation  ;il  llif  present  time.     .\  Munmarx 
of  the  dark  field  rin(lin).;s  is  presented  in  the   t'l  ill'iwiiiK  t.ibh': 
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TABLE  1. 
Michigan  (Roohestbr  II)  Strain  of  Virus. 


Hog. 


537 
538 
539 
540 
541 
542 
543 
544 
515 
546 
547 
548 
5S0 
551 
552 


Number  Dark  Field 

Examinations  to 

Date. 


Presence  of  Spiro- 
chete in  Blood. 


+  +  + 
+  +  - 

+ 

+ 
4-4- 


4-_4- 
4- 


Remarks. 


Temp  range  from  102   — 104.8°  P 

101.2-104.1 
102.2—1(5.5 

101  6—103.5 
101.6—103.2 

102  -104.6 
102.  —103.5 
102.4—105.5 
101.8— U'3. 

101.  -104.5 
101  5-103. 

102.  —105. 
101.5-103 
102.  —103.5 
101.6-103  8 


DARK   FIELD  EX.MMINATIONS  OF  THE   BLOOD   OF    NORMAL    HOGS. 

In  addition  to  the  control  examinations  which  were  made  in 
practically  all  cases,  as  shown  on  the  charts  above,  additional  data 
relative  to  negative  findings  in  normal  blood  have  been  secured. 


TABLE  2. 
Dark  Field  Examinations  of  the  Blood  of  Hogs  not  Suffering  from  Hog  Cholera. 


Hog. 

Number  Dark  Field 
Examications. 

Spirochete 
Present  or  Absent. 

Condition  of  Animal. 

522 

2 
1 
1 
2 
2 
2 
3 
1 
2 

2 
2 
2 
2 

~-~ 

512 

523 

•> 

526 

" 

519 

" 

520 

>' 

527 

528 

529 

530 

>>             ..             .. 

531 

532 

533 

.1             ..             .. 

534 

.1 

535 

536 

.• 

400 

553 

Natural  immune 

554 

555 

556 

.1 

A  number  of  hogs,  planned  for  material  to  be  used  in  the 
work,  became  badly  infested  with  intestinal  parasites  (chiefly 
Ascaroides  sncUa)  and  were  not  utilized  except  for  control  l:)lood 
examinations. 
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Some  of  these  animals  exhibited  temperatures  as  high  as 
106°  F.  at  the  time  of  the  dark  field  examinations.  The  negative 
findings  in  these  cases,  therefore,  present  valuable  data  in  that 
they  show  that  the  presence  of  the  spirochete,  observed  in  the 
blood  of  animals  suttering  from  cholera,  does  not  depend  merely 
upon  a  febrile  condition  of  the  blood. 

Several  immime  hogs  not  included  in  the  above  data  also 
served  as  donors  of  normal  blood  specimens.  These  additional 
negative  findings  in  the  blood  of  hogs  not  infected  with  hog 
cholera  are  shown  in  Table  2. 

HORSE  SERUM  VIRUS  PHENOMENON. 

Horse  scrum  virus  may  be  produced  by  securing  Ijlood  from 
a  horse  one  to  two  hours  after  the  animal  has  received  an  in- 
travenous injection  of  approximately  150  c.c.  of  virulent  hog 
cholera  serum.  The  character  of  this  material  and  the  results  of 
experiments,  which  demonstrate  that  it  is  not  a  mere  dilution  of 
hog  cholera  serum,  have  been  reported  in  former  pul)lications.^ 
It  may  be  concisely  stated  that  hog  cholera  virus  undergoes  some 
inexplainable  ])rfjcess  of  activation  after  ai)pro.\imalely  one  hour's 
residence  in  the  circulatory  system  of  the  horse. 

On  Octf)l)cr  25  the  l)lood  of  Horse  1  was  examined  on  the  dark  field. 
Nothing  otlicr  than  cr\throcytes.  leukocytes,  and  some  hlood  dust  was 
noted.  At  1  :45  p.m.  on  Octoher  25,  Horse  1  was  given  an  intravenous 
injection  (jugular  vein)  of  150  c.c.  R.A.I,  strain  of  virus.  A  specimen  of 
this  hog  cholera  serum  was  examined  on  tlie  dark  field  and  no  spirochetes 
were  found,  although  the  material  did  cuntain  many  characteristic 
granules.  The  animal  was  led  from  the  stocks  and  immediately  hecame 
grogjiiy  and  weak,  tin-  ])ulse  was  weak,  respiration  laliorcd,  eye  dull  and 
listless  and  peristalsis  violently  active.  The  animal  hecame  covered  with 
a  profuse  cold  perspiration  and  frequent  watery  evacuations  followed. 
Three-fourths  of  ;in  hour  after  the  injection  of  the  horse  it  was  hied 
under  asei)lic  conditions  and  the  hlood  examine<l  hy  dark  field  illumination. 
The  spirochetes  were  found  with  ease,  six  organiMus  1)l■in^  fdiind  in  a 
few  nn'nutes.  HIoo<l  drawn  from  the  horse  one  and  llnei-fuurtlis  lidurs 
after  injection  also  contained  the  spirochete  when  examined  on  the  dark 
field.  The  one  and  three-fourths  hours  virus  alsf)  contained  a  marked  in- 
crease in  the  lunnher  of  granules.     A  specimen  of  the  hlood  of   Horse  1 


'King   anil    Wilson,    Hull.    Kansas    l-.if.    Sla.,    linn,    .\n.    171.      Jmii:    liift-ct.    Dis., 
lf»12,    11.   l>.    til;   y.tuhi.  f.    hiimunitiilsf.   ii.   /:.i7>.    Ilici..   1!li:t,    Ifi,   p.   :t(17. 
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drawn  two  and  thrcc-fourtlis  hours  after  injection  upon  careful  dark  field 
examination  revealed  only  granules  and  refractive  bodies — no  spirochetes 
could  be  found. 

The  virulence  of  the  three-fourths-hour  horse  serum  virus  which  the 
above  animal  yielded  was  tested  by  the  inoculation  of  Hog  4501.  The 
result  of  this  animal  inoculation  conformed  with  extensive  data  previously 
reported,  in  that  the  hog  became  the  subject  of  a  more  acute  type  of 
cholera  after  a  relatively  short  period  of  incubation,  as  compared  with 
the  average  case  following  the  injection  of  hog  cholera  serum  itself. 

IIoG  No.  4501.     B.A.I.  Strain  of  Virus.     Horse  Serum  Virus. 


„«.,.«0«.«       Q(, 
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Remarks:   October     20. 
November     2. 
November    7. 


Inoculated    with  4   c.c.   activated   horse  serum  virus. 
Symptoms  appeared. 
Animal  found  dead  and   examined. 

Many  subcutaneous  blood  extravasations.  Muscle  of  right 
ventricle  contains  blood  extravasations.  Lower  lobe  left 
lung  consolidated.  Areas  of  red  hepatization  in  upper  lobes 
of  both  lungs.  Spleen  soft,  dark,  and  gorged  with  blood. 
Kidneys  show  numerous  petechiae.  Large  ulcer  near  ileo- 
cecal valve.  Extensive  areas  of  congestion  in  intestinal 
mucosa.     Lymphatic  glands    enlarged  and   hemorrhagic. 


On  November  22,  Horse  2  was  utilized  in  duplicating  the  above  ex- 
periment, after  establishing  a  normal  condition  of  the  blood  in  so  far  as 
absence  of  spirochetes  was  concerned.  This  animal  was  injected  intra- 
venously with  180  c.c.  B.A.I,  and  Indiana  I  strains  of  virus  mixed. 
The  symptoms  were  of  the  usual  character,  but  were  more  retarded  and 
less  pronounced  than  those  recorded  in  the  first  e.xperiment  with  Horse  1. 
In  our  experience,'  more  pronounced  reactions  following  injection  and 
more  uniform  horse  serum  virus  result,  when  the  animals  have  been  sub- 


'Grateful  acknowledgment  is  made  to  Dr.  R.  II.  Wilson,  who  for  several  years 
has  been  associated  with  the  senior  author  in  this  work,  and  who  rendered  valuable 
assistance  in  carrying  out  the  horse  serum  virus  e.Nperiments  included  in  the  present 
investigation. 
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jected  to  one  or  more  repeated  injections  with  the  hog  cholera  virus,  a 
condition  in  all  probability  not  depending  upon  anaphylaxis  as  shown  by 
previous  results.  Horse  1,  above,  had  been  repeatedly  used  on  tlie  work ; 
Horse  2  had  never  been  subjected  to  the  treatment  before. 

The  three- fourths-liour  horse  serum  virus  of  Horse  2  showed  the 
spirochetes  on  the  dark  field.  In  the  two-hour  virus  only  one  spirochete 
could  be  found. 

The  above  data  must  be  verified  by  repeated  experiments.  However, 
as.suming  that  the  spirochete  under  observation,  in  different  stages  of  its 
life  cycle,  might  represent  the  etiological  factor  in  hog  cholera,  it  would 
not  be  impossible  to  explain  the  horse  serum  virus  phenomenon  by  the 
results  obtained  above. 

SUMMARY. 

The  results  may  be  summarized  as  follows : 

1.  Dark  field  examinations  of  the  blood  of  IS  hogs,  all  normal, 
excepting  some  which  were  infested  with  inieslinal  parasites,  have 
revealed  no  spirochetes.  .\11  of  these  specimens  have  been  rela- 
tively free  from  granules,  with  the  exception  of  some  instances, 
when  it  was  ustially  possible  to  determine  that  the  granules  were 
liberated  from  crushed  leukocytes. 

2.  The  examination  of  the  blood  of  all  hogs — U)  animals — 
which  were  suffering  from  hog  cholera,  revealed  the  presence  of 
a  spirochete.  All  specimens  of  blood  from  these  animals,  during 
the  height  of  the  disease,  contained  characteristic  granules. 

."}.  Negative  dark  field  findings  followed  i)Ositive  findings  in 
the  case  of  six  hogs  which  recoxered  from  the  disease. 

4.  The  blood  of  two  nalurallv  imnnmc  hogs  was  free  from 
spirochetes  and  granules. 

.-).  TIk-  spirochetes  and  granules  ha\e  been  obser\  ed  in  hogs 
infected  with  1'^  fiifferent  strains  of  virus,  as  follows:  i?..V.I.. 
Michigan  (I)emerick),  Michigan  (Rochester  I),  Indiana  I.  Cali- 
fornia ( Jiall  ).  <  )liio  (Pettigrew).  (  )hio  (  i  la/en  |,  (  )hio  (  Heinz). 
Kansas  1.  Unknown,  ("alifornia  (  l'iii\  (.-rsity  ) .  ;iiid  Mic'higan 
(Rochester  II  ). 

<).  1  log  cholera  was  diagnosed  in  two  small  lu-rds  of  hogs 
after  receipt  of  the  anim.als  at  the  laboratory,  by  nu-ans  of  the 
dark  field  examination  of  the  blood.  In  other  instances,  positive 
dark  field  tindings  were  secured  a  few  hours  i)efore  any  symp- 
toms appeared. 
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7.  The  spirochetes  were  found  with  less  difticulty  in  the  blood 
of  hogs  suffering  from  the  acute  form  of  the  disease. 

8.  In  two  ex[)eriments  the  spirochetes  were  demonstrated  in 
horse  serum  virus. 

!>.  Spirochetes  are  uniformly  demonstrable  iti  the  intestinal 
ulcers  of  hogs  dead  from  cholera. 

CONCLUSIONS. 

Without  .cultures  with  which  to  inoculate  susceptil)le  animals 
it  is,  of  course,  impossible  at  this  time  to  definitely  ascribe  to  the 
spirochete  under  observation  any  pathogenic  properties  or  etio- 
logical significance.  Nevertheless,  careful  consideration  should 
be  given  to  the  results  which  are  consistent  and  uniform  through- 
out, and  which,  in  some  particulars,  strongly  suggest  the  rela- 
tionship of  this  spirochete  to  hog  cholera,  as  a  causative  factor. 
As  this  organism  has  not  been  previously  reported  and  described 
the  name  SpirocJiacta  siiis  may  properly  be  suggested. 
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BACILLUS  BRONCHISEPTICUS— ITS  RELATION 
TO  CANINE  DISTEMPER.* 

Bv  N.  S.  Ferry,  ]\I.D.,  Detroit,  Mich. 
In  January.  li)ll.  Dr.  J.  P-  AI'Gowan.  who  was  working  on 
grants  from  the  Carnegie  Trust  and  Moray  Research  Fund  in 
the  laboratory  of  Dr.  James  Ritchie  at  the  Royal  College  of  Phy- 
sicians, Edinburgh,  published  in  the  Journal  of  Pathology  and 
Bacteriology,  London  (3),  the  results  of  some  observations  on 
a  laboratory  epidemic  especially  among  dogs  and  cats,  in  which 
the  animals  presented  the  symptoms  of  the  disease  called  "dis- 
temper." In  the  April  number  of  the  same  Journal,  as  a  continu- 
ation of  his  first  article,  he  described  the  organism  which  was 
found  constantly  in  all  of  the  affected  animals.  Dr  M'Gowan, 
however,  evidently  was  not  aware  of  the  fact  that  several 
months  previously  in  the  American  Veterinary  Reviezu  (1), 
I  had  published  my  bacterial  findings  in  canine  distemper  and 
had  described  in  detail  the  same  organism.  It  is  also  very  inter- 
esting that  Dr.  John  C.  Torrey,  Director  of  the  Department  of 
Experimental  Pathology  of  the  Cornell  [Medical  School,  New 
York  City,  who,  in  collaboration  with  Air.  Rahe,  was  working 
along  practically  the  same  lines  at  the  same  time,  independently 
isolated  the  identical  organism.  In  my  second  article,  published 
in  June,  1911  (2),  in  the  Journal  of  Infectious  Diseases,  my 
work  was  described  in  full,  and  at  the  time  the  name  Bacillus 
bronchicanis  was  given  to  the  organism.  M'Gowan  isolated  his 
organism  from  the  dog,  cat,  rabbit,  guinea-pig,  ferret,  monkey, 
goat  and  also  man  in  one  case.  Torrey  and  I,  however, 
limiting  our  work  to  the  dog,  went  much  more  extensively  into 
the  subject  than  did  M'Gowan.  Torrey,  although  he  carried  on 
his  work  about  the  same  time  as  M'Gowan,  did  not  read  his  paper 
until  April,  191 2,  at  the  American  Association  of  Pathologists 
and  Bacteriologists,  owing  to  the  fact  that  my  first  article  was 
published  before  he  had  completed  his  experiments.  He,  there- 
fore, continued  his  work,  which,  as  yet,  has  not  been  published. 


'Presented  to  tlie  Forty-ninth  .\nnual  Meeting  of  the  American  Veterinary  Medi- 
cal Association,  at  Indianapolis,  .\ugust,  1912.  From  the  Research  Department  of 
Parke,   Davis  &  Co.,  Detroit,  Mich. 
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During  the  tirst  part  of  this  year,  while  working  on  an  epi- 
zootic among  gtiinea-pigs,  ral)l)its  and  monkeys.  I  was  able  not 
only  to  isolate  the  same  microorganism  from  the  animals,  but 
showed  that  the  infection  in  guinea-pigs  was  probably  general 
throughout  the  United  Slates  and  was  perhai)s  an  important 
contributory  cause  of  the  scarcity  of  guinea-pigs  in  this  country. 
In  the  last  April  number  of  the  American  Vcfcriyiary  Rci'icw 
(6)  this  work  was  rei)orted.  and  at  that  lime  the  name  of 
the  organism  was  changed  from  Bacillus  broncliicaiiis  to  Bacillus 
broncliiscpticus,  as  it  was.  ])eyond  a  doubt,  the  cause  of  an  infec- 
tious disease  among  many  animals.  Idie  full  report  of  this  work, 
as  well  as  other  work  of  mine  along  this  line,  was  published  in 
the  July  issue  of  77;r  I'ctcriiiary  Journal  of  London  (7)  of  this 
year. 

M'Gowan.  while  he  did  some  work  on  the  dog,  made  his  most 
valuable  contribution  lo  the  suljjecl  with  his  work  on  other  ani- 
mals, especially  cats  (1).  lie  was  tlie  first  to  show  that  the 
organism  which  1  had  pre\iousl\-  pro\cd  to  be  the  cause  of  dis- 
temper in  d(jgs.  ga\e  rise  abo  to  ])athological  lesions  in  other 
animals. 

Torrey's  work  was  \aluable  fruiii  llie  fact  llial  he  weiU  so 
exhaustively  into  his  experimentation  on  dogs.  As  his  work 
corroborated  mine  so  fully,  a  re\iew  of  his  conclusions,  which 
are  also  found  in  m\-  article  in  the  I  'ctcri>uir\  Journal  of  Lon- 
don, will  be  given,  ile  says:  "'rhe  onK-  microorganism  regu- 
larly found  was  Bacillus  hroncliicanis,  and  its  regular  occurrence, 
its  ])resence  in  overwhelming  numbers  in  the  respirator\-  tract 
in  the  great  majority  of  cases,  its  appearance  in  the  \er\'  earliest 
stages  of  the  disease,  and  its  ])rogressi\e  in\a>ion  and  int-rease 
in  numbers  as  the  symptoms  imrea^ed  in  se\erity  le.ids  duc  to 
conclude,  from  the  bacteriological  lindings  alont'.  that  this 
bacillus  is  an  impoitant  factor  in  the  causation  n\  the  disease." 
"The  strains  of  this  organism,  wliirh  were  isolalt'd  tiom  sixtv- 
li\e  cases,  reveal  an  absolute  uniforniit\  in  enllnr.il  reactions 
with  the  exce])tion  of  une  test.  A  few  slr.iiits,  |:i  pti-  rc-itt,  w  ere 
encountered,  wlii(li  (ansi-(l  a  nhirked  rechutmii  df  nitrates  to 
nitrites,  but  with  Ni  per  cent  llieri'  was  no  reducing  .action.  .Ml 
these  strains  are  agglutinated  to  abnut  thi'  -ame  degree  by  a 
serum  immune  to  a  single  strain.     The  bacillus,  acctjrdingly.  is 
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not  split  uj)  into  sul)-\arieties  or  groups  as  is  the  Bacillus  dyscii- 
tericiis  or  the  Bacillus  coli;  l)ut  all  strains  comprised  within  a 
single  species.  This  l)acillus  elaliorates  no  exotoxin."  He  also 
says :  "This  bacillus  finds  its  most  favorable  soil  on  the  mucous 
membranes  of  the  respiratory  tract,  for  it  invades,  as  a  rule,  the 
organs  of  the  animal  to  only  a  slight  extent.  Of  sixty-five  posi- 
tive cases  it  was  present  in  the  liver  in  30  per  cent,  in  the  spleen 
in  20  per  cent,  in  the  kidney  in  IG  per  cent,  and  in  the  blood  in 
only  6  per  cent."  "By  experimental  inoculation  with  the  Ba- 
cillus hronchicanis  we  have  been  able  to  induce  typical  attacks  of 
distemper,  with  ty|)ical  incubation  period  and  symptoms  com- 
plex, and  from  such  experimental  infections  the  Bacillus  hronchi- 
canis was  recovered  readily  in  pure  cultures  and  in  great  num- 
bers." Dr.  Torrey  produced  the  disease  experimentally  by  blow- 
ing the  organism  or  infected  dust  into  the  nasal  passage  with 
powder  blowers.     His  conclusions  were  as  follows  : 

"1.  Dogs  which  are  immune  to  natural  distemper  show  no 
symptoms  when  exposed  to  experimental  infection  with  Bacillus 
hrouchicanis. 

"2.  Dogs  actively  immunized  to  Bacillus  broiicliicanis  are 
immune  to  natural  distemper. 

"3.  Dogs  recovering  from  attacks  of  experimental  distemper 
induced  by  this  bacillus  are  protected  on  exposure  to  natural 
distemper. 

"4r.  The  Bacillus  broiicliicanis  is  the  only  cultivatable  micro- 
organism present  with  uniformity  and  in  great  numbers  in  the 
tissues  and  organs  of  distemper  cases. 

"5.  Typical  distemper  may  be  induced  in  suscei)tible  dogs 
by  infection  wnth  pure  cultures  of  the  Bacillus  hronchicanis  under 
conditions  simulating  natural  modes  of  transfer,  and  the  bacillus 
may  be  recovered  in  pure  culture  from  the  organs  of  such  experi- 
mental cases." 

For  the  benefit  of  those  who  have  not  had  access  to  all  of 
these  reports,  and  also  those  who  still  hold  to  the  old  belief  of  a 
filterable  virus  as  the  cause  of  distemper,  the  data  of  MTiowan, 
Torrey  and  myself  will  be  reviewed  briefly  showing  the  work 
upon  which  we  based  our  conclusions,  namely,  that  distemper 
was  caused  by  a  bacillus  which  could  be  grown  on  the 
ordinary  culture  media.     The  work  of  Carre,  which  was  merely 
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a  short  report  of  two  or  three  pages,  is  extensively  quoted  by 
authors  on  veterinary  subjects,  and  yet  I  have  never  been  able 
to  find  in  the  literature  where  it  has  ever  been  corroborated  under 
conditions  which  eliminated  infection  from  outside  sources.  On 
the  other  hand,  the  bacillus  in  c|uestiou  has  been  isolated  repeat- 
edly by  several  investigators  and  the  experimental  work  has  been 
corroborated  by  all  who  have  undertaken  to  repeat  it. 

In  reviewing  the  work  of  M'Gowan,  Torrey  and  myself  the 
subject,  for  con\enience,  will  be  taken  up  under  the  following 
h.eads : 

Primary  Infection. 

Agglutination  Ex|)eriments. 

Protective  and  Curati\e  Inoculations. 

Experimental  l)istemj)er. 

Fr'niiary  Infection. — From  "ill  laboratory  dogs  with  symp- 
toms of  distemper  .M"(i()wan  found  the  organism  in  27  cases. 
From  G7  laboratory  cats  with  symptoms  he  found  the  organism 
in  Go  cases.  I'rom  G  rabbits  he  found  it  in  G  cases.  From  3 
guinea-jjigs  he  f(juiid  it  in  3  cases. 

MTlowan  says,  speaking  more  especially  with  regard  to 
dogs,  "The  disease  I  have  been  investigating,  'distemper,'  is  one 
limited  primaril\-  to  the  nuicous  membrane  of  the  nose.  From 
this  situation  it  may  spread  secondariK-  to  the  frontal  simises  and 
the  middk'  ear,  from  which  it  ma\'  go  to  the  brain."  "The  dis- 
ease ma\  furtlin-  spread  lo  the  conjuncti\a,  to  the  trachea,  to  the 
lungs,  causing.  ho\\<.\er,  in  the  last  case,  i)ncunionia  and  some- 
times empyema."  lie  also  says.  "Speaking  for  the  disease  I 
have  been  investigating,  it  is  not  of  the  nature  of  a  septicemia." 
M'Gowan  was  never  able  to  isol.iic  the  organism  from  the  blood 
of  any  of  his  animals  (5). 

Torrex',  on  tlu'  other  hand,  working  with  dogs  alone,  found 
the  organism  in  GT)  eases  out  of  SO.  I  Ic  savs,  "We  ha\e  had 
about  NO  cases  in  all,  comprising  all  the  stages  of  the  disease 
irom  the  incubation  period  to  the  posiniortem,  mild  cases  as  well 
as  severe."  Torrev's  rultnral  work  was  ninre  thoi'ough  than 
MTlowan's,  for  In-  made  a  routine  examination  of  all  the  organs 
of  every  animal.  In  making  the  cultures,  the  animals  were  as 
a  rule  exsangniiialed  fri  )iii  the  eai'otiil.  the  l)loo(l  .and  pi-ricardi.al 
Hnid    rnlini'ed    and    ■-niall,    bnl    appro.xiniatelv    e(nial    portions    of 
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the  apex  and  basal  regions  of  the  lung,  the  liver,  the  spleen  and 
kidney  and  sometimes  of  the  brain  were  emulsified  and  plated, 
the  whole  carried  out  according  to  Bail's  method.  Plate  cultures 
were  also  made  from  the  exudate  of  the  eye,  nose  and  trachea. 
Of  55  positive  cases  Torrey  found  the  organism  in  the  liver  in 
32  per  cent,  in  the  spleen  in  20  per  cent,  in  the  kidnev  in  1(3  per 
cent,  in  the  blood  in  only  G  per  cent.  Torrey  observes  that  as  a 
rule  the  bacillus  finds  a  more  favorable  locality  for  its  primary 
growth  in  the  trachea  than  in  the  nose,  which  also  corroborates 
my  work.  "From  this  point,"  he  says,  "the  virus  gradually 
extends  into  the  larger  trachea  and  finally  into  the  bronchioles, 
when  it  generally  incites  a  more  or  less  extensive  broncho- 
pneumonia." This  also  corroborates  my  work,  for  it  was  found 
that  when  the  Bacillus  bronchiscpticus  was  isolated  in  pure 
culture  from  a  diseased  lung  the  condition  was,  as  a  rule,  that  of 
broncho-pneumonia.  I  have  seen  but  a  few  cases  of  lobar  or 
massive  pneumonia  from  which  the  Bacillus  bronchiscpticus  was 
isolated  in  pure  culture. 

Up  to  the  time  of  the  publication  of  my  second  article  I  had 
isolated  the  bacillus  from  97  dogs  at  autopsy.  In  68  cases  it  was 
isolated  in  pure  culture,  either  from  the  respiratory  tract  or 
blood.  From  the  first  68  cases  of  distemper  (other  than  experi- 
mental cases)  I  found  the  organism  in  12  out  of  42  blood  cultures 
(28.5  per  cent).  Torrey  found  it  in  6  per  cent  and  M'Gowan 
not  at  all.  I  attribute  this  apparent  discrepancy  possibly  to 
variances  in  method.  If  the  blood  was  at  all  fluid  in  the  heart 
it  was  my  custom  to  take  from  one  to  four  cubic  centimeters, 
or  if  not  fluid,  as  much  of  the  clot  as  possible,  and  plant  in  50 
Cc.  of  bouillon.  It  is  a  matter  of  experience  that  the  greatest 
number  of  positive  blood  cultures  are  obtained  when  large  quan- 
tities of  blood  are  planted  in  correspondingly  larger  amounts  of 
fluid  culture  media.  In  attempting  to  obtain  cultures  from  the 
internal  organs,  Torrey  macerated  small  portions  of  the  tissues, 
from  which  he  made  plate  cultures,  while  I  planted  a  large  piece 
of  each  organ  in  a  tube  of  bouillon.  While  the  former  method 
has  advantages  which  are  obvious,  yet  I  believe  the  latter  method 
will  give  a  higher  percentage  of  positive  findings.  F.xperience 
with  this  organism  has  shown  that  ])lating  directly  from  tissnes 
of  the  animal  does  not  always  produce  positive  results. 
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My  findings  with  other  animals,  as  given  in  the  J'ctcriiiary 
Journal  of  London,  are  as  follows: 

"Number  of  animals  posted 93 

"Of  these  there  are : 

"Guinea  pigs  75 

"Rabbits 12 

"Monkeys    (i 

"Bacillus  bronchiscpticus  isolated  from  S(i  animals SM.o.Jo 

"From  trachea,  SI  animals 94.2^ 

"From  lung.  4G  animals 53.5^0 

"From  liver.  ."U  animals 39.5 <yfc 

"From  blood,  29  animals 33.7% 

"Pure  cultures  from  trachea,  71  animals S6^/r 

"The  points  concerning  the  disease  in  these  laboratory  ani- 
mals, which  should  be  emphasized,  are  as  follows: 

"1.  None  of  the  guinea-pigs  or  monkeys  showed  any  signs 
of  an  infection  of  the  nasal  cavity  (jr  the  eyes. 

"2.  The  infection  was  probably  ])rimarily  in  the  larynx  and 
trachea,  as  the  organism  was  found  in  ])urc  culture  in  those 
situations  in  nearly  every  case. 

"3.  The  infection  in  these  three  species  of  animals  was  that 
of  septicemia  in  the  majority  of  cases,  as  the  bacillus  was  isolated 
in  pure  culture  in  many  (jf  the  cases  from  the  heart's  blood  and 
abdominal  organs. 

"4.  All  the  guinea-pigs  and  nearly  all  other  animals  suffered 
in  the  earliest  stages  of  the  disease  with  a  profuse  diarrhea. 

".").  If  the  case  was  taken  early  enough,  the  Bacillus  bronchi- 
scpticus tould  be  isolated  without  much  diHuullx  from  the  intes- 
tinal discharges,  and  often  in  nearl\-  piu'e  I'ulture  from  the 
mucus  of  the  small  intestines,  where  congestion  was  most  in 
evidence. 

"(i.  Some  of  the  rabbits  showed  an  infection  of  the  nasal 
cavil\-,  and  a  few  of  the  eyes,  i)Ul  many  died  with  only  an  infec- 
tion of  the  tr.icliea  and  bronchi,  ;ind  in  nearly  e\ery  r.ibbit  the 
bacillus  ididd  be  isolated  from  the  blood. 

"] .  .Voile  of  the  moidxcys  showed  an  infection  nf  the  nasal 
cavil v  or  i-ve,  but  did  gi\e  e\ideiice  of  ;in  infeilion  of  tlie  trachea 
and  bronchi,  and  a  se|)t  icc-mia,  as  tiie  organism  was  foinid  in  pure 
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culture  in  the  trachea,  bronchi  and  blood.  One  of  these  monkeys 
had  a  typical  bronchial  cough." 

One  of  the  most  complete  proofs  of  the  relation  of  Bacillus 
bronchiscptkns  to  canine  distemper  may  be  found  in  the  accom- 
panying chart.  This  chart  represents  an  epizootic  which  took 
place  among  a  number  of  pups  I  was  raising  for  experimental 
purposes.  \  dog  infected  with  a  typical  case  of  distemper  acci- 
dentally came  in  contact  with  the  keeper  of  these  pups,  with  the 
result  that  nearly  all  became  infected.  The  i)ups  were  watched, 
and  from  the  time  the  first  sign  of  the  disease  made  its  appear- 
ance until  death,  every  abnormal  symptom  was  recorded.  This 
chart  was  of  value,  for  it  threw  more  light  on  the  bacteriology 
and  symtomatology  of  the  disease  than  I  could  have  gathered 
from  any  other  source  of  information.  A  glance  at  the  chart  will 
show  the  points  which  should  be  emphasized.  From  the  dogs 
killed  early  in  the  disease  the  Bacillus  hrouchiscpticus  was  iso- 
lated from  the  trachea  in  pure  culture.  From  those  killed  later 
and  others  which  were  allowed  to  die  natural  deaths,  secondary 
organisms  were  isolated,  together  with  the  primary  organism,  the 
Bacillus  bronchiscpticus.  From  those  which  recovered  from  the 
disease  and  were  not  vaccinated  the  bacillus  was  isolated  in  pure 
culture  from  the  trachea,  while  those  which  were  vaccinated,  with 
one  exception,  did  not  show  the  organism. 

The  first  symptom  to  appear  was  either  a  cough  or  convulsion, 
usually  the  convulsion.  This  was  followed  shortly  by  diarrhea. 
Then  came  the  serous  discharge  from  the  nose  followed  by  that 
from  the  eyes.  Then  appeared  the  purulent  discharge  from  the 
nose,  closely  followed  by  the  purulent  discharge  from  the  eyes. 
As  soon  as  the  purulent  discharge  from  the  nose  and  eyes  was 
noticed  the  trachea  was  found  to  contain  the  secondary  organisms 
as  well  as  the  primary.  Dog  105  was  the  first  to  become  infected, 
while  106  and  107  soon  followed.  The  remainder  of  the  dogs 
were  probably  infected  from  105,  as  they  were  all  running  to- 
gether in  a  large  room.  The  period  of  incubation  accordingly 
for  the  epizootic  was  five  days.  I  have  found  this  to  be  about  the 
average  period  of  incubation,  whether  dogs  were  experimentally 
infected  or  had  accidentally  contracted  the  disease. 

Ayglutinatioii  ILvperiincnts. — The  agglutination  work  was 
carried  on  extensively  !)y  all  three  of  the  experimenters,  and  all 
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came  to  practically  the  same  conclusions,  namely,  that  the  reac- 
tion was  specific  for  the  bacillus,  that  serum  from  dogs  spon- 
taneously infected  gave  positive  reactions,  although  not  in  as  high 
dilutions  as  those  experimentally  infected,  or  those  artificially 
immunized  agains  the  bacillus,  and  that  the  serum  from  healthy 
dogs  which  had  not  previously  suffered  with  distemper  did  not 
agglutinate  the  organism. 

Torrey  says,  "Dogs  which  are  sacrificed  during  the  earlier 
stages  of  the  disease  and  those  which  have  succumbed  or  seem 
about  to  die  from  the  infection  have  not,  as  a  rule,  developed 
any  agglutinins  for  this  bacillus.  On  the  other  hand,  animals 
which  are  holding  their  own.  are  recovering  or  have  recovered 
fully  carry  agglutinins  in  their  blood  which  clump  the  Bacillus 
broncliicanis  in  dilution  of  from  1  in  25  to  1  in  500."  "This 
tardy  development  of  agglutinins,"  he  thought,  "may  be  due  to 
the  slight  properties  of  the  bacillus." 

M'Gowan  says:  1.  "When  an  animal  is  immunized  with  a 
certain  strain,  a  fairly  high  agglutinative  power  is  developed  in 
its  serum  against  that  strain.  This  agglutinative  power  never 
was  higher  in  the  cases  examined  than  1  in  120  and  rarely  above 
1  in  60." 

2.  "In  such  an  animal  the  serum  generally  has  marked 
agglutinative  properties  for  strains  of  the  organism  other  than 
that  with  which  the  animal  was  immunized."  "Here,  although  the 
organisms  were  of  very  different  strains  from  that  used  for 
immunization,  some  five  cats  and  some  four  dogs,  the  agglutina- 
tion is  almost  as  marked  as  with  the  organism  used  for  immuniza- 
tion." 

3.  "Animals  in  which  there  is  no  evidence  of  distemper — 
e.  g.,  healthy  animals  brought  into'  the  laboratory  and  killed  at 
once — show  no  agglutinating  properties  in  their  serum  against 
the  organism." 

4.  "Where  an  animal  is  suffering  from  distemper,  and  when 
the  organism  is  found  in  it  during  life  or  postmortem,  the  serum 
of  that  animal  may  or  may  not  agglutinate  a  strain  of  the  or- 
ganism." 

In  my  agglutination  experiments  it  was  found  that  the  serum 
from  all  dogs  suffering  with  the  disease  gave  an  agglutination 
ranging  from  1  in  40  to  1  in  800,  while  the  serum  from  those 
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artihcially  immunized  against  the  organism  gave  an  agglutina- 
tion ranging  from  1  in  800  to  1  in  4000.  The  test  of  one  serum 
against  several  different  strains  ranged  from  1  in  (iOO  to  1  in 
GOOo.  Here  again  the  difference  in  method  may  have  had  some- 
thing to  do  with  the  great  range  between  M'Gowan's  results  and 
mine.  In  all  my  experiments  the  following  procedure,  which  was 
found  after  many  trials  to  give  the  best  results,  was  adhered  to. 
The  emulsion  for  the  agglutination  tests  was  made  from  I'^-hour 
agar  cultures,  taken  off'  in  physiologic  salt  solution,  to  which  was 
added  enough  formaldehyde  to  make  a  1-per-cent  solution.  This 
emulsion  was  allowed  to  stand  for  five  hours  at  room  tempera- 
ture, which  time  was  sufficient  to  kill  all  organisms.  The  tubes 
were  placed  in  the  incubator  and  were  examined  at  the  end  of 
2-i  hours.  Serum  from  dogs  which  had  never  suffered  with  the 
disease  gave  negative  results. 

Protective  and  Ciirath'c  hiociilations. — As  this  paper  was 
intended  to  show  the  relation  of  the  Bacillus  broncliiscpticiis  to 
dog  distemper,  nothing  will  be  said  at  this  time  concerning  the 
vaccines  made  from  the  organism,  except  in  so  far  as  it  aids  in 
proving  the  specific  nature  of  the  bacillus.  Relative  to  vaccines, 
M'ticnvan  carried  on  but  few  e.xperinients,  while  Torrey  makes 
no  nienli(jn  oi  his  work  along  this  line,  except  in  his  conclusion. 
He  say^  "Dogs  actively  immunized  to  Bacillus  broiicliicaiiis  are 
immune  to  natural  distemper."  My  work  with  \accines  made 
with  this  organism  dates  back  to  about  June,  IIHi".),  when  cxjjcri- 
ments  were  undertaken  t(j  imnumize  and  treat  dogs  with  killed 
and  live  cultures  of  the  bacillus.  A  large  number  of  exi)eriments 
have  been  carried  on  from  that  lime  to  the  present  with  \accines 
of  different  strengths,  with  one  or  more  incK'ulations  at  \arying 
intervals,  and  it  is  safe  to  say  that  the  niajorit\-  of  pu])s  can  be 
protected,  provided  they  are  injected  a  certain  lime  before 
exposure.  It  has  been  found  ihal  for  ])ractical  purposes,  three 
injections,  with  a  few  days'  interval  bttwem  injections,  gi\e  the 
best  protection.  Lately,  experiments  ba\i'  bi'iii  ciiricd  on  with 
pups  onlv  a  few  days  old,  while  tluy  are  still  iiui>ing  their 
mother,  and  so  far  no  ill  effects  from  the  injections  lia\e  been 
seen,  while  il  would  appear  the  large  majority  of  the  ])ups  are 
jirotected.  .\s  these  exi)erinients  arc  not  finished  il  is  impossible 
to  draw  an\'  conclusions  of  \ahic.      It    llie  iX'suhs  are  favorable 
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the  benefits  of  this  protection  cannot  be  overestimated.  Experi- 
ments conducted  the  past  two  or  three  years  have  shown  that 
al)out  (i<)  to  70  per  cent  of  distemper  dogs  may  be  saved  pro\i(l- 
ing  the  vaccine  is  given  early  in  the  disease,  and  the  cases  are  as 
carefully  handled  as  they  would  be  without  the  treatment.  I 
believe  also  that  l^etter  results  are  detained  with  a  \accine  made 
from  several  strains  of  the  organism  than  from  one.  .\s  I  have 
never  been  able  to  produce  the  disease  by  subcutaneous  inocula- 
tion, it  has  been  a  safe  procedure  in  my  hands,  and  with  more 
lasting  results,  to  immunize  with  suspensions  of  live  organisms. 
For  practical  purposes,  however,  that  method  is  out  of  the  ques- 
tion. 

Experimental  Distemper. — It  is  an  interesting,  but  an  explain- 
able coincidence,  that  all  investigators  who  have  championed 
various  microorganisms  as  the  cause  of  canine  distemper  have 
claimed  to  have  produced  typical  distemper  w'ith  their  respective 
viruses.  From  the  experience  of  ^NFGowan,  Torrey  and  myself 
it  would  seem  that  infections  from  outside  sources  play  an  impor- 
tant part  in  these  results.  Enough  stress  was  not  laid  by  others 
on  protecting  the  experimental  animals  from  outside  contami- 
nation. This  great  source  of  error  was  recognized  by  the  last- 
named  investigators,  wdio  used  the  utmost  precautions  with  all 
their  experimental  inoculations,  and  it  was  only  after  their  work 
was  thoroughly  checked  up  that  they  were  willing  to  concede 
the  bacillus  was  the  etiological  factor  in  this  disease.  I  will  (juote 
from  both  M'Gowan  and  Torrey  on  this  subject. 

Torrey  says,  "Most  of  the  investigators  who  have  isolated 
various  microorganisms  from  distemper  dogs  have  claimed  to 
have  produced  the  same  disease  with  the  bacillus  which  they  have 
considered  the  etiological  factor.  It  would  seem,  however,  that 
with  a  few  exceptions  the  importance  of  excluding  contact  infec- 
lion,  direct  or  indirect,  in  their  experimental  animals  has  not  been 
given  due  consideration.  In  our  experiments  the  dogs  used  for 
experimental  infection  ha\e  been  kept  in  a  dift'erent  part  of  the 
building  and  far  removed  from  all  possible  contact  with  cases 
of  spontaneous  distemi)er.  The\-  ha\e  been  cared  for  by  a  special 
attendant  who  has  kept  away  from  all  other  dogs  in  the  labora- 
torv.  These  dogs,  of  which  the  history  was  known  in  most 
instances,  were  placed  in  sterilized  cages  and  kept  for  at  least  It 
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?.nd  generally  over  20  days  before  any  experimental  infection 
was  attemjjted,  in  order  to  eliminate  any  possible  outside  infec- 
tion. After  inoculation  they  were  placed  in  a  room  never  before 
used  for  dogs,  in  new  cages  and  cared  for  by  a  special  attendant. 
It  has  been  claimed  by  Carre  that  this  disease  may  be  experi- 
mentallv  induced  in  dogs  bv  a  filterable  virus.  Under  the  con- 
ditions, however,  just  outlined,  I  obtained  uniformly  negative 
results  with  filtrates  from  scrapings  of  the  nasal  and  bronchial 
passages  of  distemper  dogs  and  filtered  blood,  although  in  earlier 
and  less  carefully  controlled  experiments  some  apparently  posi- 
tive infections  occurred.  In  these  cases,  however,  the  possibility 
of  accidental  transmission  of  the  virus  from  distemper  cases 
could  not  be  eliminated.  Our  ex])eriments  certainly  indicate  that 
canine  distemi)er  is  not  due  to  a  filterable  virus." 

M'Gowan  says,  "Not  one  of  those  who  have  stated  that  they 
have  found  the  organism  of  distemper  seems  to  have  appreciated 
the  infectiousness  of  the  disease,  for  there  is  no  mention  in  their 
papers  of  particular  or  indeed  an\-  care  having  been  exercised  to 
insure  comi)lcte  isolation.  Neglect  to  mention  such  i)recautions 
in  such  a  case  cannot  be  overlooked."  "The  lack  of  such  i)rc- 
caulions  would  ex])lain  also  the  regularii\  with  which  the  vari- 
ous observers  ha\c  produced  ihe  disease  in  .'ininials  l)\-  subcu- 
taneous inoculation  of  their  organism." 

I  v.'ill  c|Uote  from  my  second  pa])cr  >lio\\  ing  also  the  ])recau- 
i'nms  that  we  felt  necessary  lo  laki'  in  order  to  prove  conclusi\ely 
that  VvC  were  dealing  with  the  causative  organism. 

"In  order  to  carry  inoculation  experiments  to  a  successful 
termination  and  be  ^uri'  th.it  the  di)gs  were  not  accidentally 
infected,  three  large  rooms  in  buildings  isolated  from  each  other 
were  used,  each  room  being  in  charge  of  a  dilTertnt  attendant. 
'Jhe  pups  used  were  taken  directly  troni  their  mothers  as  soon 
as  weant-d.  .\fter  making  sure  tliat  the  imps  weii'  in  ;i  healtlu' 
•condition.  the\  were  at  once  gi\en  a  baih.  and  then  ihoroughly 
soaked  in  ;i  germicid;il  solution  and  iil.und  in  tlie  incubation 
room.  Mere  the\  were  ;illo\\id  to  reni.iin  from  tlnet'  to  six 
weeks  undi-r  strut  obsei  \  .tlion.  ni  the  ch.irgi'  of  a  m.ui  who  kept 
away  from  other  'logs.  I'rom  the  imuliation  room  tlu'  pups  were 
])lace(l  in  another  room,  wiierc-  tiiey  rem;iini-d  nndc-r  observation 
at  least   three  weeks  longer  before  experiments  wn-re  mack-.       The 
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floors  and  walls  of  these  rooms  wore  of  cement,  making  it  pos- 
sible to  v;asl"i  and  spray  thoroughly  with  a  germicidal  solution  as 
often  as  deemed  necessary.  The  rooms  were  thoroughly  disin- 
fected and  cleaned  hcfore  the  reception  of  each  lot  of  pups  and 
after  each  experiment.  They  were  under  lock  and  key  and  no 
one  was  allowed  to  enter  except  the  attendant,  laboratory  assist- 
ants and  myself.  Following  these  precautions  and  with  careful 
feeding  and  handling,  one  could  ])e  reasonably  sure  that  all  abnor- 
mal symptoms  following  inoculations  were  due  directly  and  solely 
to  the  treatment.  In  a  third  room,  in  a  building  far  removed 
from  the  first  two,  were  kept  all  the  convalescing  as  well  as  all 
sick  dogs  and  others  under  observation  and  treatment.  All  autop- 
sies were  held  in  the  laboratory,  where  cultures  could  be  taken 
conveniently  without  fear  of  contamination." 

In  speaking  of  his  experimental  work  Torrey  says,  "It  has 
been  our  aim  in  these  infection  experiments  to  approximate  as 
closely  as  was  feasible  natural  modes  of  transfer  of  the  disease. 
Without  doubt  the  port  of  entry  is  the  respiratory  tract  and  the 
vehicle  of  transfer  the  discharge  from  the  nose  or  throat  either 
in  a  moist  or  dry  state."  "Scrapings  from  cultures  of  this 
bacillus  were  dried,  partially  pulverized  and  mixed  with  dry 
sterile  dust.  By  means  of  insect  powder  blowers  this  infected 
dust  was  projected  into  the  nasal  passages  and  mouth  of  the 
experimental  animal.  After  an  incubation  period  of  ;5  to  13  days 
definite  symptoms  of  the  disease  developed  in  G  out  of  7  of  these 
animals,  the  attacks  ranging  as  is  the  case  in  natural  conditions 
from  mild  to  very  severe  and  fatal  issues."  "The  symptoms 
developed  included  rhinitis  and  bronchitis  with  persistent  cough, 
typical  broncho-pneumonia,  vomiting,  bloody  diarrhea,  conjunc- 
tivitis, and  in  three  instances  the  appearance  of  a  typical  jnistular 
eruption  of  the  skin." 

In  my  second  article  was  reported  in  detail  the  work  carried 
on  by  me  in  order  to  attempt  to  produce  the  disease  experiment- 
ally. Between  40  and  50  dogs  were  used  and  in  28  of  these  the 
disease  was  produced,  ranging  from  the  mild  type  to  the  very 
severe.  In  several  instances,  following  typical  symptoms  of  the 
disease,  death  was  the  ultimate  outcome.  Being  led  to  believe 
from  my  previous  autopsy  findings  that  the  primary  seat  of  the 
disease  was  in  the  larynx  or  trachea,  the  organisms  were  intro- 
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duced  experimentally  into  the  trachea  by  means  of  hypodermatic 
syringe?,  the  medium  of  transfer  l)eing  either  l^ouillon  or  phy- 
siologic salt  solution.  In  this  way  there  was  practically  no  chance 
of  secondary  or  other  pathogenic  organisms  accomi)anying  the 
specific  bacillus  to  its  seat  of  possil^le  infection.  Any  infection, 
accordingly,  resulting  in  this  region,  from  which  this  organism 
could  later  be  isolated  in  pure  culture,  would  be  caused  by  the 
organism  in  question.  Svmjjtoms,  therefore,  accompanying  and 
following  this  infection  would.  (/  priori,  be  the  result  of  the  infec- 
tious ])rocess  set  up  bv  the  organism.  While  this  ])rocedurc  has 
its  advantages,  the  method  used  by  'I'orrey,  which  simulates  nat- 
ural modes  of  introduction  of  the  organism,  was  just  as  reliable 
and  possibly  of  more  valtie. 

In  recapittdating  I  will  state  that  the  Bacillus  hroiicliist-pticits 
was  found  by  three  investigators  independent! \  in  different  parts 
of  the  world  to  be  the  cause  of  canine  distemper.  The  organism 
was  isolated  from  the  large  maj(irit\-  of  cases  in  ])m-e  culture,  and 
was  found  to  agglutinate  serum  from  dogs  suffering  with  dis- 
tem])er  as  well  as  those  immunized  and  e.\i)erimentall\'  infected 
with  the  organism,  while  all  normal  controls  were  negati\e.  Sus- 
pensions of  both  lue  and  killed  organisms  were  found  to  protect 
dogs  from  natin"al  distem]ier.  and  dogs  ex])erimentall\  infected 
were  found  al^o  to  Ik-  imnnnie  to  natural  distempL'r.  fypical 
distem])er  was  induced,  and  the  organism  ag.iin  isolated  and 
grown  in  i)ure  ctdlure  under  conditions  excluding  outside  source 
of  infection,  thus  fulfilling  Koch's  dictums  to  the  letter.  ;nid  dis- 
pro\  ing  thcreb\-  an\'  theory  which  ma\  pre\iouvly  li;i\e  been 
held  that  the  disease  is  due  tf)  a  filterable  \irus.  or  a  \irus  which 
is  not  able  to  be  grown  on  the  ordinary  culture  media. 
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DRUG   INFLUENCE  ON    EXTRASYSTOLES  OF 
THE  MAMMALIAN  HEART.* 

Hy  Cake\    1'.  McCukD,  ALU.,  of  Ann  Akf.or,  Mich. 

IXTR(.)I)UCTI()N.' 

Not  infrequently  disorders  of  the  heart  are  but  indications 
of  a  general  disturbance  having  a  common  origin  in  some  other 
j)art  of  the  body.  The  term  "functional  diseases"  is  applied  to 
these,  whether  they  arise  directly  from  the  automatic  mechanism 
of  the  heart  or  from  some  more  peripheral  cause.  Interesting 
chapters  on  "functional  diseases"  of  the  heart  appear  in  all  the 
standard  systems  of  medicine  and  in  man\-  monographs  on 
cardiac  pathology  and  treatment."^*  It  is  to  such  works  that  the 
reader  is  referred  for  the  literature  on  the  subject  and  for  a 
general  study  of  functional  diseases  of  the  heart,  including 
extrasy stoics — the  immediate  subject-matter  of  the  present  paper. 
\'isceroptosis  and  pehic  pathology  are  belie\ed  to  be  capable  of 
l)roducing  extrasystoles  of  the  heart.  (iastritis,  constipation  or 
distention  of  the  stomach  may  underlie  an  obstinate  cardiac  con- 
dition. High  blood-pressure,  .dilatation  and  inflammation  of  the 
heart  are  recognized  as  sources  of  stimuli  for  extrasystoles.  The 
manner  in  which  the  heart  is  stimulated  in  these  cases  is  not 
without  question.  The  extrasystoles  present  in  high  blood-pres- 
sure probably  arise  from  the  mechanical  stimulation.  In  extra- 
systoles following  chronic  constipation,  evidence  would  indi- 
cate that  the  absorbed  toxic  material  serves  as  the  stimulus.  How- 
ever, extrasystoles  have  recently  l)een  ])roduced  experimentally 
by  the  stimulation  of  the  nerve-supplv  to  the  heart,!  ■'^o  that  the 
stimuli  for  extrasystoks-i;  arising  from  jjathological  conditions 
foreign  to  the  heart,  may  reach  the  heart  reflexly  through  the 
nervous  system.  In  all  these  conditions  the  heart  itself  may  be 
excessivelv  irritable. 

When  the  exciting  cause  for  extrasystoles  is  recognized  and 
is  amenable  to  treatment,   the   cardiac   condition  becomes  insig- 


*Tlie  experimental  part  nf  this  j)a|)cr  was  carried  out  in  tlic  Research  Laboratories 
of  Parke,   Davis   &  Company,    Detroit. 

**riirschfel(]er:  Diseases  of  the  Heart  and  .\orta,  p.  S!)2.  Kellv:  Practice  of 
Medicine,   p.   419.       Osier:      Modern    Medicine,    IV,   \>.    27(1.       Allhutt:      System,   VI. 

•t"-Rothbcrger  and    Winterberg    {Zcntralht.   fiicr   Physiol.,    Vol.    XXV,   p.    ISO,    1911). 
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niticani.  In  many  cases,  however,  the  primary  cause  cannot  l)e 
located  and  remains  enigmatic.  In  others  the  cause  is  known, 
but  still  is  not  amenable  to  treatment.  /;/  just  such  cases,  a  de- 
crease ill  the  e.vcitability  of  the  heart  through  the  adniiiiistratiou 
of  therapeutic  agents  zcould  tend  to  render  the  heart  irrespoiisire 
to  these  stimuli.  But  no  direct  experimental  evidence  has  S(»  far 
been  presented,  that  we  possess  an\-  drugs  whicli.  when  admin- 
istered, are  capable  of  depressing  the  irritability  of  the  heart  and 
thus  of  any  benefit  to  extras}stoles.  For  this  reason  a  series  of 
experiments  upon  this  subject  was  instituted,  the  results  of 
which  are  embodied  in  the  following  report. 

DI-:.SC"KI1'T1()X    OF     .MKTIIOOS. 

'IMie  ai)i)aratus  employed  was  simple  in  concejjtion   and  con- 
struction, but   thoroughly  deiiendable   for  the   problem  at   hand, 


I'iK.     1. —  HiaK'am    of    .\ii|i;ir;iUis. 

(a)  Extensiiin   Icvit  ami  mercury   cup. 

(b)  rardioxraph. 

(c)  Kxprisfd    Ill-art    with    cU-ctrodcs  ami   canlinxrapii   arms    atlailu-cj.        Heart    .shown 
in  fliaKrain  as  tlioiiKli   rcinnvcil   from  animal. 

((/)    Coils  ami    cells. 
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as  the  control  experiments  to  be  described  later  will  indicate. 
The  general  plan  for  the  work  was  to  have  the  heart  automatic- 
ally stimulate  itself  with  single  break  shocks  from  an  inducticjn 
coil,  thereby  producing  extrasystoles.  The  automatic  cardiac 
stimulator  used  in  this  work  was  essentially  that  of  Hirschfclder 
and  Ryster.*  Since  the  end  to  i)e  attained  was  different  in  the 
two  ])ieces  of  work,  some  modifications  and  adaptations  were 
necessary.  The  writing  lever  of  a  recording  tambour  was  ex- 
tended backward  •")  cm.  This  extension  was  of  light  metal,  so 
as  to  permit  the  conduction  of  the  ctirrent.  To  this  extension 
( Fig.  1 )  was  soldered  a  right  angle  arm  of  platinum,  which 
dipped  into  a  mercury  chamber  below.  The  mercury  cup  work- 
ing on  a  screw  could  ])e  raised  or  lowered,  depending  on  the 
amplitude  of  the  heart,  and  on  the  phase  of  diastole  at  which 
the  stimulation  was  to  occur.  Connections  from  primary  circuit 
were  made  with  mercury  cup  and  with  extension  lever.  The 
connection  with  the  extension  arm  was  made  at  the  pivot  and 
was  of  tinsel-thread,  to  prevent  spring  action.  From  the  sec- 
ondary coil  extended  fish-hook  electrodes  which  in  (jpen-chest 
exjjeriments  were  applied  directly  to  the  ventricular  muscle. 

In  closed  chest  experiments,  small,  straight,  barbed  spears 
were  substituted  for  fish-hooks.  These  were  insulated  and 
strengthened  by  being  run  through  the  bore  of  small  wooden 
tubes  forming  "spear  electrodes"  (Fig.  2).  These  were  pushed 
directly  through  the  chest-wall  and  into  the  nniscle  of  the  left 
ventricle,  and  served  both  for  the  conveyance  of  the  stimulus 
and  for  registration,  as  will  be  indicated  later.  The  fall  in  carotid 
pressure  dtiring  the  compensatory  pause  was  so  great  and  prompt 
that  it  could  be  taken  as  the  indication  of  an  extrasystole  follow- 
ing stimulation.  However,  direct  records  of  the  heart  were  in 
all  instances  also  taken.  The  amplitude  record  of  the  heart  was 
traced  by  the  writing  lever  of  the  stimulating  tambotir.  This 
tambour  was  activated  by  the  heart's  contractions  recorded 
through  the  cardiograph,  a  modified  Marey  tambour,  the  draw- 
ing of  which  makes  its  mechanism  clear  without  further  explana- 
tion. In  open-chest  experiments  the  two  arms  of  the  cardio- 
graph were  stitched  to  the  ventricles  and  recorded  the  transverse 
shortening  of   the   heart    in   svstole.      The   writing  lever   of   the 

"Aiucr.   Journ.    Phys..    \.A.    Will.    p.    22i. 


414 

automatic  stimulator  rose  in  systole  and  the  extension  dipped 
into  the  mercury  chamber.  In  diastole  the  extension  lever  rose 
and  broke  the  contact  stimulating  the  heart  in  any  desired  por- 
tion of  diastole  depending  on  the  height  of  the  adjustable  thunil)- 
screw  of  the  mercury  chamber. 

Two  kinds  of  recording  methods  were  used  in  closed  chest 
experiments  in  which  the  respiration  was  natural.  In  the  first, 
a  long  sound  was  introduced  through  the  right  jugular  vein  into 
the  right  heart.  When  ])ro])crlv  placed  the  heart-end  of  the 
sound  lay  against  the  inter\entricular  se])tum  and  against  the 
anterior  ^•entricular  wall.  The  contractions  of  the  heart  made  a 
working  lever  of  the  sound,  the  fulcrum  being  the  muscles  in  the 
supracla\icular  region.  The  free  end  was  attached  to  the 
movable  arm  of  tiie  cardiograj)!!,  which  activated  the  stinuilating 
apparatus  as  before.  In  these  experiments  it  was  necessary  to 
make  a  small  incision  on  the  left  side  for  the  application  of  fish- 
hook -electrodes  on  the  heart.  In  some  cases  artificial  respira- 
tion was  temporarilv  given,  in  others  one  lung  with  its  ])leura 
intact  was  am])le  for  the  short  time  (three  minutes)  that  the 
chest  was  open.  After  application  of  electrodes  the  incision  was 
rendered  air-tight,  and  natural  respiration  was  resumed.  In 
this  jugular  sound-method  of  oscillations  were  fairlv  constant, 
but  variations  in  the  strength  of  contraction  were  not  acctirately 
recorded.  This  fact  at  lirst  appeared  as  a  disadvantage,  but  in 
some  respects  was  an  advantage,  in  that  despite  changes  in 
am])litude.  the  heart  was  stimulated  in  the  same  phase  of 
diastole. 

.\iiotlier  more  acciu'ate  niclliDd  for  i-ecording  cardiac  con- 
tractions in  closed  chest  experiments  was  found  in  a])pl\ing  llic 
principle  of  liavcraft.*  ihe  spear  ends  of  iwo  spear  electrodes, 
described  before,  were  pushed  through  the  left  intercostal  spaces 
and  pericardium  nUo  the  apt'x  ;ind  base  ol  llie  Kit  \i'ntrii'Ie.  .\ 
trustworthy  record  of  the  heart's  descent  in  systole  was  then 
obtainable  by  attaching  the  free  end  of  the  base  spear  electrode 
to  the  movable  arm  of  tlie  cardifigraj)!!.  Traiings  of  ampbtudi' 
changes,  after  administration  of  such  famili.ii-  drugs  as  adre- 
nalin, pituitary  extract,  barium  chloride,  were  made  as  a  test 
of  the  nuihod.  ami  compared  exactlx    with  ti\acings  of  the  same 
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drugs  obtained  in  the  more  orthodox  ways.  In  these  closed 
chest  methods  shock  was  minimized,  the  vagus  tonus  was  better, 
hemorrliage  was  avoided,  and  air  irritation  and  ch-ying  of  the 
heart  were  prevented. 

KELIAI!IL1T^■    AND  LI  .M  ITATION.S   OF    METHODS. 

Control  Ii.vpcriiiiciifs. — If  the  heart  be  thus  stimulated  each 
time  during  the  same  portion  of  diastole,  allowing  thereby  for 
the  normal  variations  in  irritability  during  different  ])hases  of 
diastole,  then  the  strength  of  the  secondary  shock,  just  sufficient 
to  induce  an  extrasystole,  would  be  a  criterion  of  the  irrital)ility 
of  the  heart  at  that  time.  Thus,  increased  and  decreased  irrita- 
bility, as  induced  during  an  experiment,  may  be  expressed  in 
terms  of  the  scale  on  an  induction  apparatus.  The  lowest  i)or- 
tion  of  the  secondary,  just  sufficient  to  ])roduce  an  extrasystole, 
will  be  termed  the  "minimum  stimulus"  in  this  paper,  and  it 
should  be  constantly  borne  in  mind  that  the  irritabilit\-  and  the 
minimum  stimulus  bear  an  inverse  relation  to  each  other,  /.  c. 
as  the  minimum  stimulus  increases,  the  irritability  has  decreased. 
Such  an  estimate  of  irrital)ilit}'  may  only  be  used  with  accuracy 
when  we  recognize  the  possibilities  of  irregularities  in  the 
strength  of  break  induction  shocks  due  to  the  apparatus  itself, 
but  fortunately  the  studies  of  Martin**  allow  one  so  to  arrange 
the  apparatus  that  this  source  of  error  is  minimized.  Accord- 
ingly, it  may  at  once  be  stated  that  in  all  work  attention  was 
given  to  the  following  points.  All  throw  of  lever  calculating 
for  double  sparking  was  as  far  as  possible  elimin.ated.  The  mer- 
cury surface  was  kept  as  clean  as  possible.  The  amount  of  spark- 
ing A\as  lowered  to  a  minimum.  Break  contact  stimulations  only 
were  used.  In  experiments  inx'olving  exposure  of  the  animal's 
heart,  a  uniform  moisture  was  maintained  avoiding  thereby 
resistance  variations.  Despite  the  fact  that  dry  cells  var\-  api)re- 
ciabl}-,  especially  wdien  used  over  long  periods,  it  was  found  that 
the  ])rimary  current  was  constant  enough  for  this  work,  pro- 
\ide(l  the  dry  cells  were  changed  frequently  and  disconnected, 
except  for  the  time  of  actual  tests. 

In  experimental  work  of  this  nature  some  normal  \ariations 
must  be   recognized   and    pro])cr   allowance  made   in   estimating 
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results.  It  was  noticed  in  some  exi)erinients  that  the  heart  grad- 
ually grew  more  irritable  so  that  in  normal  animals  the  minimum 
stimulus  gradually  decreased.  On  account  of  this  variation, 
experiments  indicated  that  no  test  could  be  recognized  unless 
the  increase  or  decrease  was  at  least  l.-"")  cm.  ditlerence  in  posi- 
tion of  secondary  coil  above  or  below  the  minimum  stinuilus.  In 
all  tests  sufficient  time-interval  was  allowed  l)etween  stimulations 
to  prevent  anv  change  in  irritability  due  to  previous  stiniulation. 
The  most  critical  test  for  the  apparatus  was  that  it  was  sensitive 
to  the  irritability  charges  during  the  different  portions  of 
diastole. 


TABLE  I. 
Experiment  B  12.      July  1,  1911.      Male  Dog.      Weight,  14  Kilo.      Open  Chest. 


Time. 

Minimum  stimulus  causing 
extrasvstole. 

Remarks. 

3:37                  6-;            6.5-f;         6.6-f 
3:45                 5.5—;         6—;            6.5  — 
3:47                 5.5—;         6—;            6.5— 
3:49                  6—;            6  5^; 
3:65                 6—;            6.5-;        7  + 
4:05          j       6—;           6.5-i-;        7  + 

First  -|-  indicates  lowest  position 
of  secondary  coil  causing  extra- 
systoles. 

Heart  moistened  with  salt  solu- 
tion before  each  test. 

Experiment  B  77.     Sept.  5,  1911.     Male  Dog.     Weight,  11  Kilo. 

Time. 

Minimum  stimulus  causing 
extrasystoles. 

Remarks. 

3:15 

9—; 

9.54- 

3:17 

9-; 

9.5-f- 

3:24 

9-; 

9.5-}- 

3:29 

9.5— 

10-f 

3.33 

9.5- 

10-f 

3:38 

9.5- 

10-f- 

3:44 

9.8— 

104- 

New  battery. 

3:55 

6.5- 

7-- 

4:05 

6.5— 

7—;           7.5  i 

4:08 

6-5- 

7  ■ 

4:13 

6.5- 

74- 

4:18 

7-: 

7.5  + 

4:21 

7-; 

7.5-f 

Chaiujcs  of  frritahility  Diiriiuj  an  l:xpcrimcnt.  The  two 
experiments  tabulated  below,  carried  out  on  normal  animals, 
indicate  the  slight  variations  in  the  strength  of  .secondary  current 
sufficient  t<;  induci'  an  exlrasystole.  in  each  test  the  heart  was 
first  tested  with  subminimal  stimuli.  (Iraduallx  tiic  coil  was 
mr)ved  toward  the  i)rimary,  uiuil  the  "nnnimal  stinuilus"*  causing 
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an  cxtrasystole  was  found.  After  this  the  coil  was  moved  hack 
and  the  test  repeated  to  make  sure  tliat  the  true  "minimum 
stimulus"'  had  been  found.  In  all  tabulations  the  first  plus  sign 
in  each  set  of  h.t^ures  indicates  the  lowest  position  of  the  secon- 
dary coil  sufficient  to  produce  an  extrasystole.  The  minus  signs 
indicate  at  what  ])ositions  of  the  secondary  no  extracontractions 
were  elicited.  In  the  second  experiment  the  marked  difference 
in  the  upper  and  lower  portions  were  occasioned  by  a  change  of 
batteries  as  indicated  in  Table  I. 

Influence  of  Blood-Pressure  on  Irritability. — High  blood- 
pressure  has  long  been  looked  upon  as  a  prolific  cause  of  extra- 
systoles.  As  the  l)lood-pressure  varied  during  an  experiment,  it 
was  determined  to  carry  out  a  short  series  of  experiments  in 
which  the  aorta  was  clamped  in  its  descending  thoracic  portion. 
This  occasioned  a  very  high  pressure  and  spontaneous  extra- 
systoles.  The  irritability  was  measured  (1)  before  the  compres- 
sion of  the  aorta,  (2)  during  the  period  of  high  pressure,  and 
(3)  after  releasing  the  aorta.  In  every  case  the  irritability  was 
higher  at  the  time  of  high  pressure.  The  extrasystoles  present 
at  the  time  of  high  pressure  disappeared  on  the  releasing  of  the 
aorta.  Any  pressure-low^ering  drug  also  caused  the  disappear- 
ance of  extrasystoles,  only  to  reappear  as  the  pressure  resumed 
its  former  height. 

Influence  of  Miscellaneous  Agents. — No  commensurable  dif- 
ference in  the  heart's  irritability  was  noted  in  the  change  from 
natural  to  artificial  respiration  or  vice  versa.  Hemorrhage,  ex- 
cept in  the  extreme  last  stage  just  before  death,  caused  no  varia- 
tions in  irritability.  Just  before  death  from  hemorrhage,  the 
irritability  became  increased.  Removal  of  the  vagus  influence, 
through  section  of  both  nerves,  in  all  cases  increased  the  irrita- 
bility, but  never  beyond  the  limit  of  normal  variation.  Atropine 
in  1/GO  gr.  doses  caused  the  same  increase  in  irritability  through 
paralysis  of  the  vagus  endings.  This  increase  was  constant  but 
never  more  than  I  cm.  difference  in  |)osition  of  the  secondarv 
coil. 

With  these  limitations  in  mind  and  guarded  against,  a  studv 
of  drug  influence  on  irritability  was  carried  out,  and  the  results 
are  recorded  in  the  next  division  of  this  paper. 
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ACTION    OF    DkUCS. 

Altliou.qii  the  General  tren.l  of  trcatmciU  for  functional  heart 
diseases  is  more  toward  ii}gienics  tliaii  (huf^  therapy,  still  the 
total  numher  of  drugs  that  find  fa\  or  with  reputable  therapeu- 
tists in  their  treatment  of  this  condition  constitutes  a  large  list. 
The  action  of  none  of  these  has  been  worked  out  with  precision, 
but  are  prescribed  purely  empirically.  It  is  from  this  class  that 
drugs   were   selected    for   study,   hoping   to   put    their    somewhat 

TABLE  III. 
Potassium  Iodide. 


No.  and 

Amount. 

Adminis- 

Minimum Stimu-  Minimum  Stimulus  dur- 

in 

Date. 

tered. 

lus 

before  d 

-ug.          ing    drug    action. 

s 

B50 

1  c.cm. 

Intravenous 

7 . 

7.5—; 

8  + 

8—;     10—;    12—;    13  + 

8/3 

20% 

6 

B52 

1  c.cm. 

Intravenous 

8.5— 

;      9+ 

19—;     20— 

0 

8/5 

20% 

M 
>» 

B53 

1  C.cm. 

Intravenous 

9-; 

9.5—; 

10  + 

10—;    10.5—;    11  + 

8/7 

20% 

B53 

1   c.cm. 

Intravenous 

8—; 

8.5  + 

8.5—;     9  + 

ti 

8/7 

20% 

Q) 

B53 

1/2   c.cm. 

Intravenous 

8—; 

9  + 

12.5—;     13  + 

0 

8/7 

20% 

ta 

B55 

3  c.cm. 

Deep  Muscle 

13— 

14  + 

15—;     17+ 

3 

8/9 

20% 

0 

B56 

3  c.cm. 

Deep  Muscle 

11—; 

'  11.5  + 

10—;     11.5  + 

— 

8/10 

25% 

'0 

B56 

3  c.cm. 

Stomach 

11—; 

11.5  + 

11—;     11.5  + 

8/10 

20%. 

B57 

%  c.cm. 

Intravenous 

5.5  + 

;     6+ 

6—;     6.5—;     7.5  + 

c4 
•a 

8/11 

10%     . 

a 
0 

B60 

%   c.cm. 

Intravenous 

6—; 

7+;^  8+ 

10—;     11—;     12  + 

0 

8/15 

10% 

CO 

B68 

1  c.cm. 

Intravenous 

12.5- 

-;     13+ 

12—;  15—;  17—;  17.5  + 

0 

8/15 

10% 

B69 

1  c.cm. 

Intravenous 

9.5— 

10+ 

10—;     11—;     11.5  + 

0 

8/27 

10% 

B70 

1  c.cm. 

Intravenous 

6—; 

6.5—; 

7+ 

8—;     8.5  + 

CO 

0 
0. 

8/27 

10% 

B70 

1  c.cm. 

Intravenous 

8.5— 

9  + 

10—;     11—;     12  + 

*J 

8/27 

10% 

CO 

B71 

%   c.cm. 

Intravenous 

8—; 

8.5  + 

7.5—;     8.5  + 

> 

8/29 

1% 

0 

B71 

1  c.cm. 

Intravenous 

6—; 

7+    - 

6—;     9  + 

CO 

8/29 

1% 

B72 

V2   c.cm. 

Intravenous 

6.5— 

7  + 

7—;     8—;     8.5  + 

8/30 

4% 

•5 

B72 

1  c.cm. 

Intravenous 

7—; 

7.5  + 

7—;     8—;     8.5  + 

8/30 

4% 

+ 

B73 

1   c.cm. 

Intravenous 

6—; 

6.5  + 

6.5—;     7  + 

8/31 

4% 

CO 

B74 

1  c.cm. 

^intravenous 

10—; 

10.5—; 

11  + 

10—;     12—;     12.5  + 

u 

'^ 

9/1 

4% 
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TABLE  in— CoXTiMED. 
Barium    Chloride. 


No.  and 
Date. 


Amount. 


1—   0) 

k 


Minimum   Stimu- 
lus  before   drug. 


Minimum    Stimilus 
during   drug   action. 


BIT. 
BID. 
B2I. 
B22. 
B26. 
B30. 
BSO. 
B.50. 
65.-?. 
B69. 
B71. 
B72. 
B73. 
B78. 
B83. 
B83. 
BS4. 
B85. 


7/121 

7/1.5' 

7/1 6  I 

7/17 

7/20 1 

7/2 

8/3 

8/3 

8/7    i 

8/2r,| 

8/29 

8/30 

8/30! 

9/r,   I 

9/111 
9/111 
9/12i 

9/14 


2.5  c.cm 
2  c.cm. 

2  c.cm. 
1.5  c.cm 

1  c.cm. 

1  c.cm. 
1  c.cm.  l/107c 
1  c.cm.  l/lOC/ 

3  c.cm.     17o 
1  c.cm. 
1  c.cm. 

1  c.cm. 

2  c.cm. 
2  c.cm. 

2  c.cm 
2  c.cm 
2  c.cm 
2  c.cm 


1% 

1% 
17o 

\<1o 

19i 


lOi 
1% 
\7c 
\'7c 
4'/c 


4—; 
5.5— 
8.5— 
4.5— 
10.5- 
12— 
11.5- 
8.5— 

9—; 

5.5 — 

3— ;' 
4.5— 
6—; 


7.5  + 

5  + 
;      6  + 
;      9  + 

;     5  + 
-;     11  + 

12.5  + 

-;     12+ 
;     9  + 

9.5—; 

;    6+ 

7.5  + 
4  + 

;    5+ 

7  + 
5.5  + 
10  + 
8.5—; 


10+ 


9  + 


8.5— 

7 — ; 

6—; 

9—; 

8—; 

12—: 

13—: 

11.5- 

9—; 

10—; 

6—; 


7—; 
6—; 
10—; 
10—; 


;      9+ 
8-;     8.5  + 


6.5 
9.5  + 
12—: 

1.5—; 

15—; 

■:      12  + 

10—; 

12—; 
8—; 
8—; 
4.5  + 
••'  + 
8-; 


7  + 

14—; 
17— 
IG— 

11  + 
13  + 

9  + 

9—; 


20— 
18  + 
17  + 


9—; 

10—; 


11  + 
n  — ; 


10+ 


■>+ 

12  + 


11.5  + 


C'hloretone. 


No. 

B 

and 

o 

Date. 

c 

< 

Adminis- 
tereil. 


Minimum 
Stimulus 
causing 
extra  sys- 
tole    before 
drug. 


Minimum    Stimulus 
causing  extra  sys- 
tole (luring  drug 
action. 


Remarks. 


B94 

9/22 

B95 

9/22 
B95 
9/22 
B96 
9/23 
B99 
9/27 

BlOl 
9/29 

BlOl 
9/29 

B105 
10/3 

B105 
10/3 

B107 
10/5 

BIOS 
10/6 

B108 
10/6 


2 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

10 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

2 

gr. 

intravenous  13.5 — ;    14+  14 — ;  15 — ;  16 — ;  16.5  + 


Intravenous'l3.5- 
Intravenousjl3 — 
Intravenous  12.5- 


Intravenous 
Intravenous 

Stomach 
Intravenous 
Intravenous 
IntravenouBj5.5 — 
Intravenous 
Intravenous  8 — ; 


10.5- 
12— 
11— 
14— 
13— 


■;  14  + 

15.5  + 

;  13  + 
;  11+ 
12.5  + 
11.5  + 

15  + 
13.5  + 

6  + 
8.5  + 
8.5  + 


14— 
IS- 
IS- 
Il- 
ls- 
12.5- 
15—; 
14—; 
8-: 

8.5— 
8.5— 


15—;     16  + 
14—;    15—;    16  + 

13.5—;      14  + 
12—;    13—;    14  + 

14  + 
-;     13  + 

17—;      18  + 

15—;     15.5  + 
8.5  + 

:    0+ 
:     9  + 


Closed    chest. 
Dissolved  in  de- 
filjrinaled   blood. 


Dissolved   in 

alcohol. 

Dissolved  in 

blood. 


Dissolved   in 

alcohol. 

Dissolved  in 

blood. 


4L'l 

obscure  l)cnchcial  aolitjn  on  a  more  rational  l)asis.  To  this  list 
there  were  added  those  drugs  that  h.ave  been  found  to  ati'ect 
the  irritability  of  the  heart  of  cold-blooded  animals.* 

In  this  series  of  ex[)erinients  it  was  found  that  many  animals 
were  very  much  more  susceptible  than  others.  The  irritability 
could  not  be  influenced  at  a.ll  in  some  few  cases.  Conse(|uent]y 
no  drugs  were  absolutely  constant.  And  further,  it  was  noted 
that  in  the  open-chest  ex[)eriments,  the  exposure  of  the  heart, 
with  its  concomitant  deleterious  influences,  rendered  the  heart 
much  less  sensitive  to  drug  influences,  and  would  thereby  vitiate 
results  unless  proper  consideration  were  given  this  point.  With 
this  in  mind  the  drugs  investigated  may  be  placed  in  three  classes, 
according  as  their  action  is  pronounced  and  constant  (Class  I.), 
slight  and  uncertain  (Class  II.),,  entirely  absent  (Class  III.). 

Class  I. — Action  pronounced  and  constant.  The  most  nearly 
constant  results  were  obtained  from  the  salts  of  potassium  and 
barium,  and  from  chloretone.     (See  table  III.). 

Discussion  of  Results. — From  these  tables  it  appears  that  on 
the  administration  of  potassium  iodide,  barium  chloride,  or 
chloretone,  the  heart  is  rendered  much  less  susceptible  to  elec- 
trical stimuli,  so  that  a  decidedly  stronger  current  is  required  to 
induce  extrasystoles.  That  is.  the  heart's  irritability  is  depressed. 
Of  these  drugs,  barium  chloride  augments  the  heart,  chloretone 
depresses,  and  potassium  iodide  has  little  or  no  action  in  the 
dosage  employed,  and  yet,  diiferent  as  they  act  upon  the  ampli- 
tude of  the  heart,  they  all  depress  the  heart's  irritability.  There- 
fore the  term  "depression  of  the  heart"  in  itself  means  little 
unless  qualified  in  some  such  way  as  to  mean  depression  of  irri- 
tability or  depression  of  contracti])ility,  etc.  Further,  as  seen 
in  the  case  of  potassium  iodide,  it  is  quite  possible  to  alter  one 
of  the  fundamental  functions  of  the  heart  without  any  disturl)- 
ance  of  the  others.  And  in  the  case  of  barium,  an  inotropic  influ- 
ence is  exerted  in  a  positive  wdw  while  a  l)athmotropic  influence 
is  exerted  in  a  negative  way. 

Class  II. — Action  slight  or  uncertain.  In  a  second  grou])  fall 
a  number  of  drugs,  whose  excitability-lowering  action  on  the 
heart  was  either  so  small  or  so  inconstant  as  not  to  be  trust- 
worthv.     It  was  found  in  some  susceptible  animals  that  strych- 
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nine  sulphate  had  a  i)ronoup.ce(l  action  in  lowering  the  irrilahihly. 
In  the  majority  of  cases,  however,  it  was  without  influence.  (See 
tahle. )  The  calcium  salts  almost  constantly  lowered  the  excita- 
bility, but  to  a  very  slight  degree.  Chloral  hydrate  in  fa\  orable 
experiments  decreased  the  excita])ilit\ .  but  owing  to  the  marked 
depression  of  the  heart  the  automatic  stimulation  was  interfered 
with,  so  that  these  results  ha\c  been  disregarded.  As  was  stated 
in  an  earlier  portion  of  this  paper,  nitroglycerin  decreased  the 
irritability,  but  this  action  was  not  through  any  action  on  the 
heart,  but  through  the  lowering  of  the  blood-pressure. 


TABLE  IV. 
Strychnine  Sulphate. 


•a 

0) 

Position    of   coil    for 

Position  of  coil  for 

to 

No.  and 
Date. 

Amount. 

CO 

a 

a 
<; 

minimum  stimulus 
before    administra- 
tion   of   drug. 

minimum  stimulus 
during  drug  action. 

a 

B30. 

7/21 

1/30  gr. 

11.5—;     12  + 

12—;      13  + 

a 

B50. 

8/3 

1/30  gr. 

12—;     12.5  + 

13—;      13.5—       14  + 

o 

B50. 

8/3 

1/30  gr. 

10.5—;     11  + 

10.5—;      11  + 

tn  a 

B53. 

8/7 

1/30  gr. 

8—;     9  + 

10.5—;     11  + 

a> 

B53. 

8/7 

1/30  gr. 

8.5—;     9  + 

11—;      11.5  + 

M  aj 

B55. 

8/9 

1/30  gr. 

DO 

4—;      4.5+      5  + 

7—;      8—;     9  + 

CO         1-^ 

0)  —  o 

B56. 

S/10 

1/30  gr. 

3 
O 

10.5—;      11  + 

10.5—;      11  + 

ctf'o  ■« 

B70. 

8/27 

1/30  gr. 

a 

8.5—;      9  + 

8—;      8.5  + 

B71. 

8/29 

1/30  gr. 

> 

5.5—;     6  + 

6—;      5.5  + 

B72. 

8/30 

1/30  gr. 

2 

7—;     7.5  + 

6.5-;      7  + 

"  ~   X 

B79. 

9/7 

1/30  gr. 

c 

8.5—;     9  + 

11—;      12— 

+  a  '^ 

BSl. 

9/9 

1/30  gr. 

*^ 

6.5—;     7  + 

7—;      7.5—;      8  + 

♦i  5^  «« 

B83. 

9/11 

1/30  gr. 

6—;      6.5  + 

6.5—;      7  + 

en  0) 

U    00 

B84. 

9/12 

1/30  gr. 

7.5—;     8  + 

7.5—;      8  + 

<C  ^ 

B92. 

9/22 

1/30  gr. 

8—;     8.5  + 

8.5—;      9  + 

B93. 

9/23 

1/15  gr. 

12.5—;      13  + 

13—;      13.5  + 

H 

Class  1 1 !.-- .\ction  enlirel\-  absent.  .\  third  gioup  of  drugs  is 
made  up  of  those  which  were  imiformly  without  action  in  de- 
creasing the  irritability.  Atropine  was  found  to  ha\e  a  slight 
action  in  incre;ising  the  excitability.  This  is  line  in  the  same 
minor  degree  of  ]>repai  ations  of  digitalis,  .\pparently  none  of 
the  therajjeutic  value  of  digitalis  is  derived  from  decreasing  the 
heart's  excitability.  .\dren;din  ;md  ))itnitar\  extr;icts  h;i\e  no 
effect  except  when  used  in  •>uch  large  aniounl>  as  to  cause  a  \  cr\ 
high  pressure.  'I'his  i^  of  interest  as  showing  that  a  <hug  ma\ 
im-reasc   (adrenidiii)  or  decrease  (pituitary  extr;icts)   coiUr;iction 
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and  yet  lca\c  the  irritability  entirely  unmodified.  Morphine, 
cocaine,  copper  salts,  ergotoxine  and  strontium  were  all  without 
influence  upon  the  excitability  of  the  heart,  in  as  far  as  we  were 
able  to  detect  with  our  ap])aratus  in  a  limited  numl)er  of  injec- 
tions of  each  drug. 

SUMMARY. 

1.  Results  favor  Engleman's  theory  that  one  function  of  the 
heart  may  l)e  modified  without  a  corres[)onding  modification  of 
the  others.  Thus  (a)  potassium  iodide  depresses  irritaliilUy,  no 
ettect  on  the  contraction  ; 

(b)  barium  chloride  depresses  irritability,  increases  contrac- 
tion ; 

( c)  chloretone  depresses  irritability,  decreases  the  contraction  ; 

( d )  adrenalin,  no  change  in  irritability,  increases  the  con- 
traction ; 

( c )  ])ituitary.  no  change  in  irritalMlitv,  decreases  the  con- 
traction. 

2.  Potassium  iodide,  l)arium  chloride  and  chloretone,  all 
depress  the  excitability  of  the  heart.  It  must  be  borne  in  mind, 
however,  that  in  the  present  stage  this  is  of  pharmacological 
rather  than  of  therapeutic  interest,  for  barium  salts  are  contra- 
indicated  for  any  ])ractical  use  on  account  of  their  poisonous 
nature,  and  the  action  from  potassium  iodide  is  not  observed  on 
administration  per  os. 

;i  In  high  pressure  the  irritabilitv  of  the  heart  is  much  in- 
creased. Therefore,  pressure-lowering  drugs  are  serviceal)!e  in 
abolishing  extrasystoles  in  high  blood-pressure  cases. 
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THE     EMPLOYMENT     OF     PROTECTIVE     EN- 
ZYMES OF  THE  BLOOD  AS  A  MEANS  OF 
EXTRACORPOREAL  DIAGNOSIS. 

L— SERO-DIAGNOSIS  OF  PREGNANCY. 
By  Carey  Pratt  McCord,  M.D.,  Detroit. 

On  the  parenteral  introduction  into  the  blood  of  substances  in 
any  wise  different  in  structural  form  from  such  as  normally 
occur,  there  arise  enzymes  capable  of  disintegrating  these  foreign 
materials  and  transforming  them  into  forms  not  qualitatively  dif- 
ferent from  normal  blood  constituents.  In  short,  parenteral  di- 
gestion takes  place.  The  portal  of  entry  for  such  materials  is 
from  overloading  the  intestinal  tract  so  that  some  food  passes 
(hrough  the  enteric  barrier  in  complex  form,  from  intravenous 
and  intra-abdominal  injections,  or  from  the  organs  of  the  body 
that,  from  their  individual  specific  nature,  when  thrown  in  the 
circulation  as  unchanged  albumins  are  no  less  foreign  than  par- 
enteral injections  from  without  the  body. 

This  formation  of  protective  enzymes  then  is  sensitization, 
and  all  the  phenomena  of  anaphylaxis  and  immunity  are  closely 
allied.  In  this  phenomenon  is  the  basis  for  all  prophylactic  vac- 
cination and  the  foundation  for  the  curative  activity  of  such  sub- 
stances as  tuberculin.  Although  physiological  in  its  nature,  this 
disintegrating  of  stable  proteins  is  not  without  its  deleterious 
action  as  evidenced  in  the  autointoxications. 

Such  an  enzyme  cleavage  of  proteins  underlies  the  various 
cutaneous  reactions,  such  as  lepro-diagnosis,  tuberculin  reaction 
and  the  cutaneous  diagnosis  of  syphilis.  These  phenomena  come 
as  a  result  of  introduction  and  cleavage  of  substances  of  a  kind 
like  unto  that  with  which  the  organism  is  sensitized.  Not  only 
will  this  cleavage  take  place  within  the  body,  as  in  the  instances 
cited,  but  the  drawn  blood  contains  the  active  enzymes,  and 
when  placed  in  contact  with  substances  against  which  they  were 
generated,  structural  disrupting  occurs  extracorporeally,  with  a 
breaking  down  into  simple  forms  similar  to  that  occurring  intra- 
corporeally. 
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This  field  opens  up  unlimited  possibilities  for  usefulness  in 
diagnosis.  The  excellent  work  of  Abderhalden  (1)  has  devel- 
oped many  interesting  facts  which  are  likely  to  prove  useful  to 
both  the  clinician  and  the  technical  worker.  Abderhalden's  per- 
sonal attention  has  been  given  largely  to  the  sero-diagnosis  of 
pregnancy,  which  is  based  wholly  on  the  principles  appearing 
above.  His  methods  are,  however,  applicable  to  many  phases  of 
the  same  field.  These  method.^,  with  modifications  of  our  own, 
have  been  successfully  employed  in  the  present  experimental 
laboratory  study,  of  the  sero-diagnosis  of  pregnancy  and  the  sero- 
fliagnosis  of  toxic  goitre.  The  paper  deals  only  with  the  sero- 
diagnosis  of  pregnancy,  and  will  be  followed  by  a  second  paper 
on  the  diagnosis  of  toxic  goitre. 

THE  SERO-DI.\GNOSIS  OI--  PREGN.ANCY. 

The  utility  of  such  a  method  of  diagnosis  of  pregnancy,  if 
found  trustworthy,  is  too  obvious  to  need  comment.  It  has  long 
been  known  that  the  placenta,  in  its  developing  stage  and  period 
of  growth  in  particular,  discharges  into  the  maternal  circulation 
microscopic  portions  of  the  chorionic  villi.  The  nausea,  vomit- 
ing and  otiier  signs  of  intoxication  are  ])r()l)al)l\-  concomitant  to 
the  entrance  of  these  extraneous  i)lacental  portions.  On  their 
appearance  in  the  circulation,  enzymes  relatively  specific  against 
t-liorionii-  \-illi  arc  mobilized  by  the  l)0(ly.  to  wliicli  the  name 
"choriolysins"  has  been  given.  It  is  around  this  i)lienomenon 
that  the  work  centers. 

E.Xl'EKI.MENTAI,    METHODS. 

Preparotinn  of  placenta.  The  j)Iacentai  of  humans,  cows,  dogs 
and  guinea-pigs  were  used.  The  placenta*  were  obtained  at  ear- 
lier stages  than  cf)mplete  gestation,  sa\-e  in  the  case  of  women, 
'i'hesc  were  obtained  from  normrd  patients  in  nornial  labor.  The 
placentcX  were  freed  from  blood  complete!}.  I'lnshing  through 
the  umbilical  vessels  removes  much  of  the  blood  at  once.  The 
fa-lal  membranes  and  cord  were  removed  and  discarded.  The 
removal  of  the  remaining  blood  content  was  facilitated  by  cut- 
ting into  small  portions  and  placing  in  a  sieve  under  a  running 
ta|».     <'Jn  complete  freeing  from  blood,  Ihc  placenl;e  were  placed 


in  boiling  water  in  a  porcelain  dish  and  boiled.  Contrary  to  the 
experience  of  Abderhalden,  we  found  that  boiling  for  two  five- 
minute  periods  was  rarely  sufficient.  After  boiling  for  five  min- 
utes the  water  was  drained  away  and  the  tissue  rinsed  thoroughly 
and  reboiled  for  a  period  of  ten  minutes.  A  5  cc.  sample  of  the 
l)oiling  fluid  was  tested,  in  the  manner  described  by  Abderhalden 
and  later  in  this  paper,  for  non-coagulated  protein.  If  positive, 
the  process  of  changing  water  and  boiling  was  repeated  until  the 
test  was  negative.  Twenty  to  thirty  minutes  of  actual  boiling 
was  necessary  on  the  average.  The  placenta  and  fluid  were 
poured  into  a  large-mouth  bottle  and  covered  with  toluol  and 
tightly  covered.  This  preparation  was  kept  in  the  cold  room  to 
prevent  deterioration. 

Desiccated  placental  preparation.  We  found  a  more  perma- 
nent and  more  easily  handled  preparation  of  placenta  was  to  be 
obtained  in  the  following  way:  The  placentae  were  boiled  (after 
being  washed  free  of  blood)  in  the  manner  described  above  until 
the  fluid  on  boiling  with  the  reagent  was  negative.  Toluol  was 
added.  The  placental  pieces  were  then  rapidly  ground  to  a  fine 
paste  in  a  Latapie  grinder,  and  repeatedly  extracted  with  pure 
acetone  until  the  acetone  remained  uncolored  from  the  placenta. 
The  acetone  was  separated  from  the  placenta  by  filtration  through 
a  Buchner  funnel  with  exhaust.  The  placenta  was  dried  in 
vacuo  in  an  atmosphere  of  toluol  vapor  at  room  temperature. 
On  complete  drying,  the  placenta  (at  all  times  protected  from 
contamination)  was  ground  to  a  fine  powder.  The  finished 
product  is  a  fine,  nearly  white  powder.  This  was  used  in  the 
same  way  as  the  coagulated  placenta,  and  by  comparison  with  it 
in  the  same  cases  was  found  equally  trustworthy. 

Obtaining  of  blood  serum.  The  serum  must  be  obtained 
from  the  patient  within  a  few  hours  prior  to  making  the  test.  At 
least  3  cc.  of  clear  serum  is  necessary,  so  that  from  6  to  10  cc.  of 
blood  must  be  drawn.  The  serum  must  be  free  from  haemoglobin. 
The  haemoglobin  itself  is  probably  non-consequential,  but  its 
presence  indicates  the  disrupting  of  blood  cells,  with  the  libera- 
tion of  enzymes  capable  of  vitiating  the  true  condition.  To 
obtain  perfectly  clear  serum  offers  considerable  difficulty.  In 
animal  work  it  was  comparatively  easy  to  obtain  such  a  serum 
by  drawMng  blood  directly  into  small  centrifuge  tubes  and  quickly 
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tlirowing  clown  the  cell  content  before  coagulation  occurred.  Of 
this  the.  upper  half  is  usually  a  clear,  haemoglobin-free  coagulum. 
By  placing  a  glass  bead  on  this  and  recentrifugalizing,  a  clear 
serum  is  expressed.  In  actual  clinical  work,  clear  serum  usually 
may  be  obtained  by  drawing  the  blood  from  a  vein  of  the  fore- 
arm of  the  patient  with  a  syringe,  as  for  a  Wassermann  test. 
The  blood  is  transferred  immediately  to  small  5  cc.  tubes  and 
centrifugalized  as  described  above,  if  suitable  centrifuge  is  avail- 
able. If  no  centrifuge  sufficiently  powerful  to  throw  down 
blood  corpuscles  is  at  hand,  the  serum  may  be  obtained  by  trans- 
ferring the  blood  from  the  syringe  to  5  cc.  paraffined  tubes  packed 
in  snow  or  ice.  The  blood  thus  kept  cold  is  delayed  in  its  coag- 
ulation so  that  the  corpuscles  tend  to  settle  to  the  bottom.  When 
coagulation  does  occur,  the  upper  half  again  is  relatively  free 
from  haemoglobin,  so  that  on  standing  a  serum  is  spontaneously 
expressed  that  is  usually  free  from  h;emoglobin. 

Diah'ziiuj  apparatus.  The  most  prolific  source  of  error  arises 
from  the  dialyzing  membranes.  Abderhalden  employed  fish  blad- 
der kondoms  in  his  original  work,  and  later  used  and  recom- 
mended the  ])archnK'nt  thimbles  of  Schleicher  and  SchuU.  In 
our  work  collodion  thimbles  of  about  20  mm.  diameter  were  em- 
ployed in  a  satisfactory  way,  except  that  it  is  difficult  to  obtain 
these  collodion  sacs  of  equal  lliickness  so  as  not  to  interfere  with 
the  rate  of  dialysis.  The  parchment  tubes  were  open  to  the 
same  objection.  Each  tube  had  to  be  tested  for  weak  spots  and 
pin  holes.  Some  tubes  were  entirely  too  thick,  wliile  others 
were  too  thin.  These  parchment  tubes,  after  elimination  of  such 
sources  of  error,  were  by  far  the  most  serviceable  and  depend- 
able of  the  forms  of  dialyzing  a])paratus  investigated.  These, 
with  proper  cleaning,  may  be  used  repeatedly. 

The  trikctoh\'drindcvJiydrat  reaction.  This  reagent  was  the 
chemical  test  for  the  dialv/.ation  prodmts.  The  material  used 
was  in  part  the  market  substance  of  Meister  Lucius  and  Briin- 
ing,  and  in  part  supplied  by  Dr.  V.  I..  King  of  this  laboratory, 
who  in  additifjn  has  sui)i)lied  the  data  for  the  description  of  tlie 
chemical  nature  of  the  substance. 

To  detect  the  digestion  ])roducts  of  proteins  (])lacenla)  in 
Abderhaldcn's  biodiemical  test  for  pregnant  y,  a  reaction  w.is 
required    whii-h   was  extremely  sensiti\r.      lii   the    di^estixe   ])ro- 
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cess  albumin  is  degraded  gradually,  so  that  under  the  conditions 
of  the  test,  only  the  dialyzable  products  being  separated,  peptones 
and  amino-acids  are  the  substances  to  be  detected.  The  biuret 
reaction,  which  was  discovered  by  Rose  (2),  is  a  method  of 
detection  of  soluble  substances  possessing  NH(CONH\,)., 
(CONHo),,  CHoCCONHo),,  acid  amide  groups,  when  two 
— CONH,  groups  are  connected  by  a  N  atom,  a  C  atom,  or  di- 
rectly to  one  another.  The  peptones  contain  two  such  groups 
and  give  the  biuret  reaction  very  strongly.  As  the  digestion 
proceeds  in  vitro,  however,  the  peptones  are  converted  still  fur- 
ther to  the  amino-acids  and  hence  the  solution  to  be  tested  will 
contain  largely  «-amino-acids  rather  than  peptones.  The  ideal 
reagent,  therefore,  is  one  which  is  specific  for  «-amino-acids. 
From  among  the  numerous  substances  available,  Abderhalden 
found  indantrione  hydrat  (triketohydrindenhydrat)  to  give  the 
most  reliable  results.  The  amino-acids  resulting  from  the  diges- 
tion of  albumin  are  always  a-amino-acids.  No  other  kinds  have 
ever  been  found.  Indantrione  hydrat  reacts  only  with  the  a-acids, 
although  it  also  reacts  with  peptones  and  all  substances  contain- 
ing acid  amide  groups  to  form  soluble  violet  dyes.  The  solutions 
are  dichroitic  and  appear  red  in  transmitted  light.  The  in- 
dantrione has  become  available  through  the  researches  of  Ruhe- 
mann  (3)  and  Perkin  (4).  It  is  prepared  from  cinnamic  acid 
according  to  the  following  reactions  : 

GH5CH  :CHCOOH  CcHoCH.CH^COOH 

Cinnamic  acid  reduction  Phenyl  propionic  acid 

CgHsCH^CH.COCL 

Phenyl  propionic  acid  chloride 

Friedel-Crafts  synthesis  CCHC4H2CH2CO 

Indanone 

Condensation  with  p-nitroso  dimethyl  anilin  to  a  substituted  anil 
and  subsequent  hydrolysis. 

C,;H/^^^C(H0), 
'•     'xCO/ 

Indantrione  hydrat 

The  test.  One-half  gram  of  the  coagulated  placenta  or  34 
gram  of  desiccated  placenta  is  placed  in  the  parchment  thimble. 
This  thimble  should  be  washed  thoroughly  just  prior  to  use.  Add 
to  the  placenta  in  the  tube  ly^  cc.  of  serum  free  from  hsemo- 
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globin.  Avoid  any  contact  of  placenta  and  serum  with  outside 
of  thimble.  As  a  further  precaution  rinse  thoroughly  on  the  out- 
side. Place  in  dialyzing  jar  containing  10  to  20  cc.  distilled 
water.  A  large  test  tube  makes  a  suitable  dialyzing  jar.  Add  a 
layer  of  toluol  to  the  surface  of  the  water  and  to  the  thimble 
contents  to  prevent  deterioration.  In  like  manner  prepare  a  con- 
trol test  in  all  respects  similar  except  no  placenta  is  added  to  the 
serum.  This  control  is  essential  and  no  test  is  dependable  with- 
out it.  These  tubes  are  tightly  covered  and  kept  at  body  tem- 
perature (incubator j  for  a  period  of  12  to  IG  hours.  At  the  end 
of  that  time  the  dialysates  are  tested  with  triketohydrindenhydrat. 
Take  10  cc.  of  the  dialysate  and  place  in  a  test  tube.  To  it 
add  .2  cc.  of  a  1-per-cent  solution  of  triketohydrindenhydrat. 
Boil  continuously  for  one  minute.  If  positive,  an  intense  violet 
color  appears  during  the  boiling  and  remains.  The  amount  of 
color  is  a  relatively  quantitative  indication  of  the  degree  of  posi- 
tivity.  Boil  control  in  same  way.  Compare  color  of  control  and 
test.  No  case  is  to  be  considered  positive  unless  the  test  is  more 
positive  than  control.  The  color  deepens  on  standing,  so  that 
the  sharpest  ditference  in  degree  of  color  appears  after  stand- 
ing for  about  15  minutes. 

INTERPRETATION   OF  RESULTS. 

'i"he  value  of  the  test  lies  not  so  much  in  the  positivity  of  the 
lest  as  in  the  relative  negativity  of  the  control.  Contrary  to 
Abderhalden,  in  animal  work  our  controls  were  nearly  always 
faintly  positive,  even  when  all  mechanical  sources  of  error  were 
removed.  This  fact  is  very  reasonable,  for  the  blood  contains 
iiiniiKj  groups  in  easily  detachable  amounts  from  digestive  pro- 
cesses. Serum  drawn  at  the  height  of  food  absorption  contains 
some  amino  groups  that  are  readily  dialyzable,  but  even  on  star- 
\ation  some  serums  give  positive  reactions  after  dialy/alion. 
h'urllier,  in  the  case  of  pregnancy  bl(«)(l  may  be  drawn  just  at 
the  time  of  intracorporcal  digestion  of  chorionic  villi  from  the 
|t;itifnt"s  own  placi-iila.  In  this  t'.isi-  llic  digestion  would  continnc 
extrac(jrporeally,  and  give  rise  to  a  positive  lest.  Quite  ob\i- 
ously  the  two  thimbles  used  in  dialyzing  nnist  l)e  of  relatively 
ef|ual  thickness,  for  a  tliin  control  Inbr  nxouM  lir  rcidilv  pc'ie 
trated  by  the  small  amount   (»!'  containctl  annno  groups,  while   in 
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the  presence  of  pregnancy  even,  the  test,  if  made  in  a  much 
thicker  thimble,  would  with  difficulty  be  penetrated  and  would 
o-ive  rise  to  questionable  results.  A  test,  to  be  positive,  must, 
after  removal  of  mechanical  sources  of  error,  give  a  more  pro- 
nounced coloration  than  the  control.  The  control  may  be  nega- 
tive, then  any  violent  coloration  in  the  test  is  an  indication  of 
pregnancy.  Equal  coloration  of  control  and  test  is  a  negative 
indication.  In  our  hands  tests  were  made  in  the  above  manner, 
using  as  control  not  only  the  serum  without  placenta  but  placenta 
in  distilled  water,  and  in  using  the  desiccated  placenta  the  coagu- 
lated placenta  of  Abderhalden  was  used  as  a  further  control. 
Results  are  based  only  on  laboratory  experiments.  These  yielded 
about  95  per  cent  of  accurate  tests.  These  we  were  able  to  fol- 
low up  by  autopsy  and  exhibition  of  the  foetus  or  the  demonstra- 
tion of  non-pregnancy.  Errors  of  technique  account  in  the  main 
for  the  remaining  5  per  cent.  However,  in  the  presence  of 
unquestionable  pregnancy,  negative  tests  have  occurred  in  two 
experiments.  The  paucity  of  data  from  clinical  work  does  not 
allow  any  records  being  included  in  the  present  paper.  What 
we  have,  however,  would  suggest  that  the  test  is  more  accurate 
for  human  subjects  than  for  animals,  in  that  the  controls  are 
many  times  negative  or  only  faintly  positive  in  women,  while  in 
laboratory  animals  the  blood  serum  normally  dialyzes  to  the 
extent  of  giving  positive  findings  in  the  controls.  The  decision 
between  positive  and  negative  tests  is  never  doubtful  in  the 
human. 

These  observations  are  based  on  240  tests  under  varied  con- 
ditions and  at  different  stages  of  pregnancy.  Our  findings  lead 
us  to  conclude  that  the  sero-diagnosis  of  pregnancy  is  both  re- 
liable and  practical.  The  method  has  its  limitations,  and  the 
technique  requires  great  care.  In  the  hands  of  the  careful 
worker  the  method  is  of  sufficient  merit  to  prove  of  great  value 
to  the  obstetrician  and  gynecologist. 
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TRIBROMO-/£'r/-BUTYL  ALCOHOL,  C,H  OBr.^ 

BV    T.    13.   ALDRICH. 

(From  the  Deiiartmeiit  ol   I-",x]>friiiuMital  Mt-tiicinc,  Parke,   Davis  &  Co.,   ])etroit,  Mich.) 

In  1881  C.  W'illgerodt-  in  studying  the  action  of  caustic  alka- 
lies on  a  mixture  of  chloroform  in  acetone  obtained  a  crystallin 
compound  which  resembled  camphor  somewhat  in  odor  and  taste 
and  consequently  excited  considerable  interest. 

By  analysis  and  vapor  density  determinations  it  was  shown 
that  it  is  an  addition  product  of  acetone  and  chloroform,  having 
the  formula  QH.OCl,  or  CHCl,.(CH,)XO.  It  was  given  the 
name    acetone    chloroform    and    later'    the    structural    formula 

CH3 

j 

CCl;. — COH,  showing  it  to  be  trichloro-f^rf-butyl  alcohol  or  the 

I 

trichloride  of  acetonic  acid.  The  melting  point  of  trichloro-/rrf- 
butyl  alcohol,  which  has  received  the  commercial  name  "chlore- 
tone,"  varies  according  to  the  amount  of  water  associated  wdth 
it.  The  product  recrystallized  from  solvents  containing  water 
and  allowed  to  dry  in  the  open  air  has  a  melting  point  near  80°. 
The  anhydrous  compound  wdiich  Cameron  and  Holly*  claim  has 
probably  never  been  obtained  should,  according  to  them,  mell 
near  but  above  OT*^.  Willgerodt^  states  that  the  acetone 
chloroform  described  by  him,  wdien  recrystallized  from  dilute 
alcohol  and  ether,  melted  at  80-81°  and  contained  exactly  0.5 
molecule  of  water;  whereas  the  product  crystallized  from  carbon 
disulfide  or  repeatedly  sublimed  is  anhydrous  and  melts  at  9G°. 
The  following  are  some  of  the  properties  of  chloretone.  Boil- 
ing point  107°  (uncorrected),  very  volatile  in  the  air,  readily  vola- 
tilized with  steam.  It  has  a  camphorous  odor  and  taste.  It  is 
sparingly  soluble  in  water  (0.5  per  cent)  ;  extremely  soluble  in 
ether,  alcohol,  glacial  acetic  acid,  acetone  and  chloroform.  Solu- 


^"Broinetone"  is   the  coiiiniercial   iianic. 

-Ber.,    14,  2451    (1881). 

"Ibid.,   ir,,  230i5   (1882). 

*J.  Phvs.  Litem..  2,   .322    (189S). 

'•Bet:,  10,   15S.J    (ISS.-i). 
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hie  also  in  white  neutral  oil,  and  vegetable  oils  and  fats.  It  is 
widely  used  as  a  therapeutic  agent.*' 

I  have  mentioned  these  facts  relative  to  chloretone,  its  man- 
ner of  formation,  etc.,  in  order  to  compare  it  with  the  analogous 
compound  tribromo-/(:r/-butyl  alcohol,  or  "brometone." 

This  compound  is  prepared  in  a  similar  manner  to  chloretone, 
that  is,  by  the  action  of  solid  caustic  alkalies  on  a  mixture  of 
acetone  and  bromoform ;  but  it  is  more  difficult  to  isolate  in  a 
l)ure  form.  In  making  chloretone  any  excess  of  chloroform  can 
be  readily  blown  off  or  distilled  off.  This  can  be  done,  but  not  so 
readily,  with  an  excess  of  bromoform  and  not  without  consider- 
able loss  of  the  product  desired.  It  can  be  obtained,  however,  as 
a  beautiful  white  crystallin  compound,  by  removing  the  excess  of 
brpmoform,  distilling  with  steam  and  recrystallizing  from  a  suit- 
able solvent. 

It  melts  at  167-176°,  volatilizes  in  ihe  air  but  much  more 
slowly  than  the  corresponding  compound.  An  attempt  to  distil 
it  at  ordinary  pressure  caused  decomposition  and  the  evolution  of 
a  very  irritating  gas.  Xo  attempt  was  made  to  distil  it  under 
reduced  pressure.  It  has  a  camphorous  odor  and  taste.  Its  solu- 
bilities are  very  similar  to  those  of  chloretone.  There  is  no  doubt 
that  we  have  here  tribromo-/rr/-bulyl  alcohol,  or  the  tril)r()mide 
of  acetonic  acid,  shown  by  the  following  analyses  which  were 
carried  out  with  a  jiroduct  crystallized  from  dilute  alcohol  a 
number  of  times  and  driril  in  a  desiccator  over  calcium  cliloride. 

Found. 

Calculated  for  , * ., 

l«IlTCBr3.  1.                    2.                    3.  4.  Average. 

C 1.'>.1.{  I.'.. 31              1.'..24              If.. 13  l-..:.'r.  1.5.46 

IF 2.2.")  2.37                2. 20                2.33  2.41  2.34 

() r,A-,  

Itr 77.17  70.24              75.44              70.84  70.24  70.19 

'J"he  following  analyses  were  also  made  from  aiioiluT  ])i-o(lurt 
flried  over  calcium  thloride,  the  last  two  after  long  drying: 

Found. 

Calcnlntcil  for    / '~ , 

CjIlTCnr,.  1.  2.  3.  4.       Average.       0.  7. 

C 1.'..4:j  ir..21  14..'>8  ....  ....  14.90  1.'>.7  ].'>.37 

II 2.2.'.  2.19  2.18  ....  2.19  2.32  2.31 

Hr 77.17  70.92  70.20  70..-,3  77.1  70.72  77.00         77.14 

The  above  analyses  and  ihc  dillicullx  <.f  obtaining  ve^y  closely 
concordant  results  would  indicate  that  there  is  a  varying  amount 

"Ilotightoii  and  Aldrich,  J.  .hii.  Med.  Assoc,  Scjit.  23,  1899,  p.  77;  also  ./..i.  J. 
Physiol.    (Proceedings),   3,    20    (1900). 
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of  water  present  in  bronietone,  this  being  indicated  by  the  car])on 
and  bromine  content,  which  are  low,  and  the  hydrogen  content, 
which  in  general  is  high. 

The  analyses  are,  however,  sufficiently  near  to  assign  to  it  the 
formula  QH-OBr..  and  it  has  no  doubt  the  structural  formula 
CH, 

CBr.; — COH  similar  to  that  assigned  to  chloretone  by  Willgerodt. 

CH, 
Several  attempts  have  been  made  to  obtain  acetonic  acid  from 
this  product  as  Willgerodt  did  from  chloretone,  but  although  a 
small  amount  of  a  supposedly  organic  acid  was  obtained  and  an 
attempt  made  to  convert  it  into  the  barium  salt,  the  amount  was 
so  small  that  the  results  obtained  were  not  sufficiently  close  to 
demonstrate  its  formation,  although  it  was  probable.  What  has 
been  said  relative  to  chloretone  (Cameron  and  Holly)  is  no  doubt 
true  of  brometone,  vi:;.,  that  the  substance  contains  water,  and  in 
varying  amounts,  that  the  water  cannot  be  detected  or  eliminated 
by  mechanical  means,  that  it  is  not  present  to  form  a  hydrate. 
Therefore  it  is  present  to  form  a  solid  solution.  Brometone  is 
used  as  a  therapeutic  agent.  For  its  pharmacological  action  see 
Houghton  and  Aldrich.^ 


M;h.  /.  Physiol,   (proceedings),   8,  18   (1903), 
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ON  FEEDING  YOUNG  WHITE  RATS  THE  POS- 
TERIOR AND  THE  ANTERIOR  PARTS  OF 
THE  PITUITARY  GLAND. 

BV   T.    B.   ALDRICII. 

It  has  been  assumed,  and  certain  ol)servations  seem  to  warrant 
the  assumption,  that  the  pituitary  gland,  either  through  its  own 
secretions  or  through  the  united  influence  of  its  secretions  with 
some  interrelated  gland  secretion,  has  an  influence  on  the  growth 
and  nutrition  of  the  body.  Whether  this  growth  is  due  to  an 
increased  or  decreased  activity  of  the  gland  has  still  to  be  decided. 
Marie-  took  the  former  view,  while  Wood-Hutchinson^  took  the 
latter,  even  going  so  far  as  to  attribute  this  influence  (hormonic) 
to  the  anterior  lobe  alone. 

The  author,  having  been  interested  in  the  pituitary  I)ody  for 
a  number  of  years  (especially  in  the  pressor  body  contained  in  the 
posterior  lobe),  recently  carried  out  some  feeding  experiments 
with  the  anterior  lobe,  employing  young  pups  for  this  purpose.* 
The  results  of  these  feeding  experiments  did  not  show  any  very 
marked  influence  on  the  growth  of  the  pups  collectively,  as  in- 
dicated by  their  increase  in  weight,  although  the  growth  of  certain 
indi\iduals  appeared  to  be  stimulated  Ijy  the  addition  of  this 
portion  of  the  gland. 

Professor  Schafer'^  claims  "that  the  addition  of.  small  amounts 
of  pituitary  substances  (anterior)  to  the  food  of  young  animals 
appears  to  favor  their  growth  ;  at  least  it  does  not  impede  or  re- 
strict it."  On  the  other  hand,  Cushing"  states  that  repeated  in- 
jections of  the  extracts  of  the  anterior  lobe  alone,  using  the 
boiled  extract  or  the  emulsion  of  fresh  and  aseptically  removed 
glands,  failed  to  produce  any  constant  disturbances,  except  a 
definite  loss  of  weight. 


iRead  before  the  Eighth  International  Congress  of  Applied  Chemistry,  Washington 
and   New   York,   September   4-1.3,   1912. 

-Marle:  Revue  de  medecine,  1885-1 SSG;  also  Archives  de  nicdecine  expcrimentale, 
1891. 

■''W'oon-HuTCiiiNSON :    Transactions  of  the  Pan  American  Medical  Congress,  1894. 

■"Ai-DRicii :    this  Journal,  xxx,   p.   .S20. 

^Schafer:     Proceedings   of  the   Royal    Society,    1909,   Ixxxi,   p.    442. 

"Cusiiing:    Journal  of  the  American   Medical   .Xssociation,  1009,  lii,  p.   255. 
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Carletti  (1907)  injected  young  animals  (intraperitoneally) 
with  a  pituitary  emulsion  (presumably  the  whole  gland),  and 
if  his  results  are  to  be  accepted,  they  appear  to  indicate,  if  any- 
thing, a  retardation  in  the  growth  of  the  bones,  at  any  rate  in  the 
direction  of  length.  Sandri  fed  young  mice  with  pituitary  (ap- 
parently with  the  crude  gland  to  the  exclusion  of  other  food),  and 
states  that  this  caused  an  arrest  of  the  growth.  Ijut  there  were  no 
controls.  He  also  injected  young  guinea-pigs  with  an  enuilsion 
of  the  gland,  and  found  in  these  also  the  growth  diminished. 

From  the  citations  given  (which  include  all  the  ol)Scrvations. 
extant,  relative  to  this  subject)  it  would  seem  that  there  is  a 
great  diversity  of  results,  which  might  be  attributed  to  the  fact 
(especially  the  results  of  Carletti  and  Sandri)  that  the  whole 
gland  was  employed  instead  of  the  separated  parts,  were  it  not 
for  the  observations  of  Gushing,  who  states  specifically  that  he 
used  the  separated  anterior  lobe  with  the  results  that  a  definite 
loss  of  weight  was  observed.  Since  the  writer's  previous  experi- 
ments are  not  in  accord  with  any  of  the  observations  recorded, 
approaching,  however,  more  closely  Schafer's  results,  it  seemed 
desirable  to  repeat  his  work,  and  the  experiments  here  recorded 
were  carried  out  with  the  view  of  answering,  if  possible,  the 
([uestion  as  to  whether  either  the  posterior  or  anterior  lobe  of  the 
pituitary  gland  has  any  marked  inllucncc  on  tlic  growth  of  young- 
animals  as  registered  by  their  weight.  In  these  experiments  it 
seemed  desirable  to  use  young  while  rats  instead  of  pui)s  in  order 
to  conform  t<>  the  I'onditions  obtained  by  Schafer  in  his  work. 

ExPEKIi\IENT.\L. 

I.  I'ccdi)ui  the  Posterior  Lobe- — l'^)r  ibis  ])urpose  Icn  licaUliy 
white  rats,  one  month  old,  and  all  of  the  same  litter,  were  em- 
ployed. On  February  l.'l  these  were  separated  into  two  groups 
(tf  five  each  (two  males  anil  [\\wv  l\'in;iU"^  in  i-acli  group),  each 
rat  being  j)laced  in  a  separate  cage.  All  were  fed  the  same  diet 
for  seven  days,  that  is,  until  I'Y'bruary  20,  this  consisting  of  bread 
and  milk  (1  :2)  mi.xed  to  rather  a  thick  consistency,  and  a  Hmiled 
amount  of  whr)le  corn. 

On  February  20  the  cxpi'iiinriital  iicdinj^  w.i'^  slarlc(l,  and 
continuerl  for  over  three  nioiitlis.  each  rat  being  fed  daily  ii''  gm. 
nf  the  bread  and  milk  nnxtnri-   (  jjreparcd   fresh  e\ery  day),  with 
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which  was  intimately  mixed  either  50  mg.  of  desiccated,  defatted 
posterior  powder  (group  A)  or  the  same  amount  of  powdered 
ovary  or  testicle  alternately  (group  B).  The  food  was  placed  in 
screw-cap  jars,  with  a  hole  in  the  cap  barely  large  enough  to 
allow  the  proper  access  of  the  head  to  the  food,  but  not  large 
enough  to  allow  the  food  to  be  scattered  around  the  cage  by  the 
feet  and  tail  of  the  rat.  The  jars  with  food  were  weighed  each 
day  before  being  placed  in  the  cages  and  again  after  twenty-four 
hours  of  feeding,  the  proper  amount  being  deducted  (this  being 
determined  previously  from  a  number  of  weighings)  for  evapor- 
ation, the  difference,  with  this  deducted,  being  the  amount  con- 
sumed by  the  rats  in  twenty- four  hours.  The  jars  were  thor- 
oughly cleaned  each  day  before  refilling,  and  the  cages  scalded 
out  every  third  day,  filter  paper  being  placed  in  the  bottom  of 
each.  In  addition  to  the  feeding  already  described,  each  rat  of 
both  groups  was  allowed  each  day  5  kernels  of  whole  corn.  With 
the  exceptions  cited  all  the  rats  of  both  groups  were  treated  in 
every  respect  the  same.     The  results  obtained  are  given  below. 

The  table  on  page  440  gives  the  total  weight  of  the  two  groups, 
A  and  B,  together  with  the  average  weight  of  the  rats  in  each 
group  on  February  13,  when  weaned,  on  February  17,  and  on 
February  20,  when  the  addition  of  posterior  lobe  or  ovary 
(desiccated)  was  made,  and  also  their  weights  with  few  excep- 
tions, every  fourth  day  thereafter,  for  a  period  of  over  three 
months.  The  last  column  gives  the  excess  of  average  weight  of 
one  group  over  the  other. 

The  table  on  page  440  and  Fig.  1  show  that  the  weights  of 
the  two  groups  ran  along  nearly  parallel.  At  no  time  during 
the  three  months  did  the  weights  vary  by  more  than  13  gm., 
and  the  greater  part  of  the  time  by  only  a  few  grams,  1-6.  The 
average  weight  variation  is  still  less,  0-3  gm. 

The  increase  in  average  weight  in  per  cent  of  original  average 
weight  is  as  follows : 

Posterior.  Controls. 

First  week    (normal  diet) 337o  35% 

April  1    179%  180% 

May  20  (whole  period) 290%  293% 

During  the  feeding  the  posterior  group  consumed  7932  gm. 
of   milk  and   bread  mixture    (12.3   gin.   posterior   powder),   the 
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Posterior  Group,  A 
(5  rats,  2  males,  and  3  females). 

Control  Group,  B 
(5  rats,  2  males,  and  3  females). 

Date. 

Total  weight. 

.\verage 
weight. 

Total  weight. 

Average 
weight. 

Excess  av.  wt. 
of  one  group 
over  the  other. 

Feb. 
13' 

gm. 

212 

gm. 

42 

gm. 
211 

gm. 

42 

0 

17 

243 

49 

251 

50 

B'  1 

20  5 

282 

56 

286 

57 

B     1 

25 

300 

60 

304 

61 

B     1 

29 

Mar. 
4 

338 
381 

68 
76 

347 
389 

69 
78 

B     1 
B     2 

8 

421 

84 

423 

85 

B     1 

12 

454 

91 

462 

92 

B     1 

16 

485 

97 

492 

98 

B     1 

20 

512 

102 

511 

102 

0 

24 

530 

106 

530 

106 

0 

28 

Apr. 
1 

,575 
579 

115 
116 

573 
586 

115 
117 

0 
B     1 

5 

604 

121 

606 

121 

0 

9 

645 

129 

643 

129 

0 

13 

663 

133 

661 

132 

A^  1 

17 

686 

137 

683 

137 

0 

21 

706 

14! 

700 

140 

A     1 

25 

721 

144 

717 

143 

A     1 

29 

M.T 

3 

741 
758 

148 
152 

745 
767 

149 
153 

B     1 
B     1 

7 

764 

153 

770 

154 

B     1 

1! 

784 

157 

795 

159 

B     2 

15 

791 

1.S8 

804 

161 

B     3 

20 

819 

\M 

826 

165 

B     1 

'  Start  of  normal  feeling. 
'  Start  of  pnslcrior  feeding'. 

'  B  =  Control. 
*  \  =  TostiTior. 
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controls   7774   gni.    (13  gm.   desiccated  owiry   or   testicle),  or  a 
difference  of  15<s  gni.  in  fa\or  of  the  former. 

Fig.  1  shows  rate  of  growth  of  the  two  groups  of  rats, 
posterior  and  control,  (iroup  A,  plain  line,  received  the  addition 
of  posterior  lobe  of  pituitary  to  food;  group  H,  dotted  line,  the 
controls,  received  desiccated  o\ar\-   and  testicle.     Addition   was 


II  17  20    i5  29  4    a    12   16  20  24  28    I     J    9    l»    17  21  2?  29  5    7 
F£6  MARCH  iPRlL  MAY 


Figure  1. — From  the  table  on  page  440. 


made  February  20.  The  dates  are  marked  upon  the  abscissa  at 
proportionate  inter\als,  while  the  weights  are  given  as  ordinates.. 

II.  Feeding  the  Anterior  Lobe. — As  in  the  feeding  experi- 
ments with  the  posterior  lobe,  ten  young  healthy  white  rats,  one 
month  old,  were  employed. 

On  October  23  they  were  weighed  and  separated  into  two 
groups,  each  containing  five  rats  (control,  four  males  and  one 
female;  anterior  fed.  three  males  and  two  females),  each  rat 
being  placed  in  a  separate  cage.  All  received  the  same  food  for 
seven  days,  that  is,  until  October  30.  when  the  experimental 
feeding  was  started.  The  experimental  feeding  ccjntinued  for 
over  three  months. 
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Anterior  Group,  A 
(5  rau,  3  males,  and  2  females). 

Control  Group,  B 
(5  rats,  4  males,  and  1  female). 

Date. 

Total  weight. 

Average 
weight. 

Total  weight. 

Average 
weight. 

Excess  av.wt. 
of  one  group 
over  the  other 

Oct. 

23-11 

gm. 

134 

gm. 

27 

gm. 

135 

gm. 

27 

0 

27 

169 

34 

170 

34 

0 

30 » 

Nov 

4 

186 

207 

37 
41 

189 
222 

38 
44 

B^  1 
B  3 

8 

241 

48 

263 

53 

B  5 

12 

275 

55 

302 

60 

B  5 

16 

294 

59 

325 

65 

B  6 

20 

337 

67 

370 

74 

B  7 

24 

344 

69 

380 

76 

B  7 

28 

Dae. 
2 

366 
386 

73 

77 

416 
437 

83 

87 

B  10 
B  10 

6 

395 

79 

440 

58 

B  9 

10 

431 

86 

477 

95 

B  9 

14 

438 

88 

507 

101 

B  13 

18 

452 

90 

534 

107 

B  17 

22 

487 

97 

556 

111 

B  14 

26 

513 

103 

581 

116 

B  13 

30 

Jan. 

499 

100 

575 

115 

B  15 

3-12 

532 

106 

602 

120 

B  14 

8 

565 

113 

650 

130 

B  17 

12 

580 

116 

665 

133 

B  17 

16 

600 

120 

690 

138 

B  18 

20 

638 

128 

734 

147 

B  19 

24 

638 

128 

754 

151 

15  23 

28 

621 

124 

736 

147 

B  23 

31 

633 

127 

758 

152 

B  25 

I  f-,.,.f!inr'  ctnr(c') 

1 

P,  -  Controls. 
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The  food,  with  the  exception  of  the  substitution  of  the  desic- 
cated non-defatted  anterior  lobe,  was  the  same  as  in  the  previous 
experiment,  and  everything  was  carried  out  exactly  the  same. 
The  amount  of  food  constimed  was  also  determined.  The  results 
obtained  are  given  in  the  table  on  page  442  and  in  Fig.  2. 

The  table  on  page  442  gives  the  total  weight  of  the  two  groups, 
A  and  B,  together  with  the  average  weight  of  the  rats  in  each 
group  on  October  23,  when  weaned,  on  October  30,  when  the 
addition  of  anterior  lobe  or  ovarian  (desiccated)  was  made,  and 
also  their  weights  nearly  every  fourth  day  thereafter  for  a  period 
of  over  three  months.  The  last  column  shows  the  average  in- 
crease of  the  controls  over  those  fed  with  anterior  lobe. 

This  table  (page  442)  and  Fig.  2  show  that  although  the  groups 
weighed  the  same  at  the  commencement  of  the  feeding  (1  gm. 
difiference),  the  controls  made  a  steady  gain  until  the  end,  the 
control  rats  then  averaging  25  gm.  more  than  the  anterior  fed. 

The  inrrease  in  average  weight  in  per  cent  of  original  average 
weight  is  as  follows : 

Anterior.  Control. 

First  week    (normal  diet) 2n%  41% 

December    10    220%  252% 

January  31   (whole  period) 370%  463% 

During  the  feeding  the  anterior-fed  group  consumed  7472  gm. 
of  bread  and  milk  mixture  (12.6  gm.  anterior  powder),  the  con- 
trols 7771  gm.  (13  gm.  desiccated  ovary  or  testicle),  or  a  differ- 
ence of  299  gm.  of  bread  and  milk  in  favor  of  the  latter. 

The  chart  shows  the  rate  of  growth  of  the  two  groups  of 
rats.  Group  A,  dotted  line,  received  the  addition  of  anterior  lobe 
of  pituitary  to  food;  group  B,  plain  line,  the  controls,  received 
desiccated  ovary  or  testicle.  Addition  was  made  October  30. 
The  dates  are  marked  upon  the  abscissa  at  proportionate  inter- 
vals, while  the  weights  are  given  as  ordinates. 

Conclusions. 

1.  The  daily  ingestion  of  30  mg.  of  fresh  desiccated  posterior 
lobe  of  the  pituitary  of  the  ox  with  the  food  of  young  white  rats 
does  not  apparently  stimulate  their  growth,  as  shown  by  their 
weight.    Neither  is  their  growth  retarded  by  such  feeding. 

2.  The  daily  ingestion  of  30  mg.  of  fresh  desiccated  anterior 
lobe  of  the  pituitary  of  the  ox  with  the  food  of  young  white  rats 
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certainly  does  not  stimulate ;  in  fact,  it  seems  in  these  experiments 
to  have  impeded  their  growth. 

The  poor  showing  made  by  the  anterior-fed  rals  may  be  ex- 
plained in  ]xn  t  by  the  fact  that  this  group  contained  only  three 
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Imguke  2. — I'roni   the   t;il)le  on    page    H2. 

against  four  males  in  the  control  group,  llic  nialc^  being  heavier 
in  every  instance.  This  explanation  sccins  plausible  in  view  of 
niv  pre\ious  feeding  experiments  wilh  ibc  aiiiciiin-  lobe  where 
young  pups  were  employed.  In  this  case  no  pronounced  differ- 
ence was  noted  between  the  two  groups,  and  the  conclusion  was 
flrawn  that  feeding  the  anterior  lobe  does  not  at  least  inipeile 
their  growth. 

NoTi;. — When  the  above  article  was  ready  for  publication  my  attention 
was  called  tf)  an  article  by  Dr.  Joseph  L.  Miller,  L'hicagi),  on  the  "JClTect 
on  ^rowlli  of  fc-ediuK  anterior  and  jjosterior  lobe  i<\  tlie  hypopiiysis."  Dr. 
Miller  eini)loyed  young  white  rats,  and  carried  out  his  exi)erinicnts  in 
much  the  same  manner  as  the  above,  liis  results  were  completely  nega- 
tive, both  as  regards  weight  and  skeletal  changes,  as  shown  by  the  .v-ray. 
No  disturbances  were  noted,  the  animals  thriving  in  the  s;iiiu'  manner  as 
the  controls. 
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THE  RATIONALE  OF  THE  USE  OF  ADRENALIN 
IN  THE  TREATMENT  OF  ASTHMA. 

By  Carey  P.  McCord,  M.D.,  Detroit,  Mich. 

In  the  treatment  of  asthmatics  the  neurotic  and  personal  ele- 
ments give  occasion  to  so  complex  an  etiology  that  prophylaxis  is 
only  feasible  after  a  study  of  the  vagaries  of  the  individual  patient. 
In  the  intervals  between  attacks  so  free  from  symptoms  is  the 
patient  that  the  treatment  at  this  period  is  again  essentially  pro- 
phylactic and  embraces  the  removal  of  any  predisposing  condi- 
tions, and  a  general  hygienic  systematization — all  in  an  effort  to 
ward  off  the  attack,  or  at  least  to  lengthen  the  intervals  between 
paroxysms.  The  forte  for  drug  therapeutics  would  then  appear 
to  be  in  the  relieving  of  the  distress  of  the  attack.  The  position 
occupied  l:)y  adrenalin  in  this  condition  is  peculiar  in  that  although 
in  the  majority  of  cases  it  is  astonishingly  eff'ective,  it  has  attained 
to  but  scant  use  at  the  hands  of  the  general  practitioner.  It  is 
upon  this  value  of  adrenalin,  together  with  its  exemption  from 
any  permanent  secondary  effects,  that  this  paper  is  based,  draw- 
ing freely  upon  results  obtained  by  various  clinical  and  experi- 
mental workers. 

The  immediate  pathological  conditions  exciting  the  symptoms 
of  the  attack  have  given  rise  to  numerous  theories.  The  most 
plausible  and  the  one  at  the  present  time  most  substantiated  by 
experimental  work  is  that  which  ascribes  the  paroxysm  to  spasm 
of  the  circular  muscle  coat  of  the  bronchial  wall.  Secondarily 
congestive  swelling  with  exudation  into  the  bronchial  cavity 
occurs  in  many  cases,  and  the  spasm  of  the  bronchial  wall  is 
probably  aggravated  by  the  distention  of  the  distal  air  sacs 
pressing  upon  and  further  constricting  the  bronchioles.  Thar 
such  a  bronchial  spasm  may  account  effectively  for  the  symptom 
complex  produced  in  asthma  has  been  shown  by  Brodie  and 
Dixon. ^  They  demonstrated  that  the  vagus  is  the  only  motor 
nerve  to  the  bronchial  musculature  and  that  in  this  nerve  run 
dilator  and  constrictor  fibers  for  the  bronchial  muscles.  Constric- 
tion of  the  bronchioles  could  be  induced  by  stimulating  the  con- 
strictor fibers  with  muscarine,  pilocarpine,  or  electricity,  where- 
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upon  there  occurred  all  the  signs  and  symptoms  characteristic  of 
bronchial  asthma.  Removal  of  the  constricting  influence  arrested 
at  once  the  attack,  only  to  reappear  when  the  constricting  influ- 
ence was  re-exerted. 

Januschke  and  Pollak-  in  1911,  after  having  obtained  the 
experimental  bronchial  constriction  in  a  manner  similar  to  Brodie 
and  Dixon,  demonstrated  a  dilatation  after  the  intravenous 
administration  of  adrenalin.  Jackson^  in  1913  described  a  series 
of  experimental  studies  in  which  the  action  of  adrenalin  was 
investigated.  He  obtained  dilatation  of  the  bronchioles  on  adren- 
alin administration,  which  he  concludes  is  due  to  stimulation  of 
the  l)ronchodilator  fiber  endings  from  the  vagus.  Jackson  indi- 
cated further  that  all  his  results  bear  out  the  opinion  that  in 
the  intact  animal  one  of  the  functions  of  the  adrenal  glands  is  to 
assist  by  means  of  their  internal  secretion  in  counteracting  patho- 
logical processes  or  products,  which  tend  to  produce  an  al)normal 
broncho  constriction.  An  additional  factor  in  the  Ijronchiolc  dilata- 
tion lies  in  the  observation  of  Elliotf  that  the  administration  of 
adrenalin  stimulates  a  discharge  of  adrenalin  from  the  adrenal 
glands,  which  becomes  available  for  dilatation  of  the  bronchioles. 
From  this  group  of  experimental  studies  it  would  appear  reason- 
ably well  established  that  adrenalin  dilates  the  l^ronchial  mus- 
culature. 

The  striking  clinical  results,  although  explained  through  many 
theories,  probably  owe  their  beneficial  action,  at  least  in  part,  to 
this  phenomenon.  In  1900  Solis-Cohen''  suggested  the  use  of 
adrenal  extracts  in  certain  forms  of  asthma  associated  with  vaso- 
motor ataxia  on  the  su])position  that  asthma  was  caused  by 
obstruction  of  the  respiratory  passages  by  irregular  swelling  of 
the  I)rr)nchial  mucosa  similar  to  angioneurotic  edema,  and  that 
adrenal  extracts  by  increasing  the  vascular  tone  prevented  and 
relieved  such  attacks. 

T.crmann."  in  conniHiion  with  his  cinplovins.;  ailrcnalin  in 
asthma,  has  made  a  slufly  of  l)lood  pressure.  I'eforc  and  after 
the  subcutaneous  administration  of  adrenalin,  blood  pressure 
measurements  were  made.  He  states  that  the  blood  pressure 
which  is  not  high  in  asthmatic  attacks  is  not  increased  by  hypo- 
dermic injections  of  adrenalin.  He  attributes  the  beneficial 
action  of  adrenalin  to  its  relaxing  the  bronchial  spasm. 
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Reilly'  advocates  the  use  of  adrenalin.  However,  in  his  cases 
the  asthma  was  ascribed  to  nasal  pathology  and  adrenalin  was 
used  as  a  spray  upon  the  contact  surfaces  with  a  view  to  reliev- 
ing the  edematous  condition.  Eminently  satisfactory  results  were 
obtained.  The  inhalation  of  some  adrenalin  is  a  probability  in 
such  treatment  so  that  the  satisfactory  results  may  have  been 
obtained  in  a  way  similar  to  Segel,-  who  by  causing  inhalation  of 
adrenalin  in  oxygen  obtained  more  than  transient  relief.  How- 
ever, his  small  number  of  cases  precludes  anything  more  than 
hopeful  possibilities.  Equally  hopeful  results  were  obtained  by 
Mathews''  by  spraying  the  nose  with  adrenalin  in  acute  asthma. 
Since  only  a  portion  of  his  series  had  any  nasal  defect,  the  spray- 
ing of  the  nose  with  so  much  relief  lends  plausibility  to  the  pos- 
sibility that  inhalation  of  adrenalin  leads  to  bronchial  dilatation. 

FreudenthaP"  advocates  the  endobronchial  application  of 
adrenalin  for  treatment  of  asthma  and  cites  a  series  of  cases 
so  treated. 

Weiss^^  is  enthusiastic  over  results  obtained  from  3,000  treat- 
ments of  mild  and  severe  asthmatic  cases.  His  cases  obtained 
permanent  relief,  and  all  except  ten  from  a  single  injection.  He 
supposed  that  any  stimulus  contracting  the  bronchial  musculature 
must  follow  a  nervous  condition,  or  is  due  to  some  fault  in  the 
composition  of  the  blood,  this  latter  depending  on  the  condition 
of  the  blood-forming  organs,  on  the  sufficient  exchange  from  the 
lungs  and  the  skin,  on  the  proper  excreting  function,  and  upon 
the  balanced  action  of  the  organs  of  internal  secretion.  Weiss  is 
of  the  opinion  that  through  disturbed  gland  action  the  circulation 
is  impaired  and  carbon  dioxide  accumulates,  which  in  turn  brings 
on  the  bronchial  attack.  He  used  in  treatment  sterile  watery 
solution  of  adrenalin  in  combination  with  pituitary  extract.  This 
he  injects  subcutaneously.  This  writer  is  of  the  opinion  that 
adrenalin  alone  will  not  suffice.  No  deleterious  actions  followed 
the  use  of  the  drug  in  this  way.  The  idea  is  advanced  that  since 
the  attack  is  caused  by  faulty  blood  composition  the  relief  fol- 
lowing the  administration  of  the  drugs  is  due  to  the  correction  of 
the  circulatory  disturbance. 

Ephriam^^  reported  results  obtained  in  his  own  hands  and 
made  a  study  of  results  of  other  workers.  Adrenalin  treatment, 
according  to  this  writer,  was  introduced  into  Europe  by  v.  Jagic" 
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and  later  was  used  by  Hofbauer.^'*  Of  his  own  cases  he  writes: 
"I,  too,  had  opportunity  to  convince  myself  often  that  the  sub- 
cutaneous injection  of  .75  to  1  c.c.  of  the  marketable  1  per  cent, 
adrenalin  solution,  almost  invariably  termi-nates  a  severe  asth- 
matic attack."  Ephriam  further  calls  attention  to  Kauert's"^ 
observation  that  the  site  of  injection  has  somewhat  to  do  with 
the  effect  of  the  drug.  Injections  in  the  thoracic  region  react 
more  intensively  than  those  in  the  more  remote  portions  of  the 
body.  Recommendation  is  made  that  injections  be  made  in  the 
forearm.  The  beneficial  action  of  adrenalin  given  subcutaneously 
is  very  transient.  In  patients  who  suft'er  from  rare,  short  attacks, 
the  interval  seems  in  no  wise  altered  even  though  pronounced 
relief  is  given  at  the  time  of  the  paroxysm.  In  cases  of  severe 
protracted  status  asflniiaficiis  the  adrenalin  eft'ect  never  lasted 
more  than  two  hours.  However,  no  ill  results  were  encountered 
from  a  large  number  of  injections  at  two-hour  intervals.  Ephriam 
watched  the  effect  of  subcutaneous  administration  of  adrenalin 
with  the  bronchoscope.  Anesthesia  of  the  mucosa  was  carried 
out  as  follows:  larnyx  with  20  per  cent,  alypin,  trachea  and 
bronchi  with  10  per  cent,  novocain.  Such  an  anesthesia  occurs 
without  producing  anemia  of  the  bronchial  mucosa.  With  the 
bronchoscope  in  place  1  mg.  adrenalin  was  injected  into  the  back 
and  observations  were  made.  In  the  cases  with  severe  hyperemia 
an  unmistakable  paling  occurred  after  25-60  seconds.  From  these 
observations  ICphriam  conciu's  in  the  theory  advanced  by  v. 
Jagic  and  Minkowski"'  concerning  the  production  of  bloodlessness 
in  the  bronchial  nuuosa  upon  adrenalin  administration.  In  addi- 
tion to  the  spastic  process,  hyperemia,  swelling,  and  hypersecre- 
tion of  the  bronchif)les  play  important  additional  causative  parts 
in  asthma  so  that  the  characteristic  ventilation  disturbances  of 
the  lung  result.  If,  then,  as  a  result  of  the  subcutaneous  adren- 
alin injection,  paling  of  bronchial  mucous  membranes  and  exten- 
sion of  the  bronchial  hnnina  both  occur,  not  only  does  normal 
lung  ventilation  return,  but  also  the  expectoration  of  the  retained 
secretion  becomes  possible — all  factors  of  relief.  l'",])hriani,  in 
order  to  jjcrmit  the  adrenalin  to  act  upon  the  broiu  hi.il  iiinidus 
im-inbranes  more  intensively  and  extensively  than  is  possible  from 
subcutaneous  injections,  applies  the  adrenalin  endobronchially. 
This  he  Hnds  nuich  more  elVective  toward  relieving  the  hyperemia 
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and  swelling  and  the  duration  is  much  more  lasting,  being  up  to 
ten  hours  in  cases  cited  by  Moller.^'  Such  results  follow  the 
bronchoscopic  observations  which  permit  only  examination  of  the 
large  bronchi,  so  that  the  relaxing  action  of  adrenalin  (jn  the 
bronchioles  cannot  be  studied  in  this  way. 

Another  point  of  more  than  passing  interest  is  to  be  found 
in  Ephriam's  article  in  connection  with  the  eosinophilia  occurring 
synchronously  with  the  asthmatic  attack.  In  four  asthmatic 
patients  treated  with  adrenalin  the  blood  was  examined  before 
and  after  treatment  with  reference  to  eosinophilia.  Very  regu- 
larly the  adrenalin  administration  was  followed  by  a  pronounced 
diminution  of  the  eosinophils,  in  part  a  reduction  from  10  per 
cent,  to  3  per  cent.,  but  continued  study  indicated  that  in  these 
patients  the  eosinophilia  varied  greatly.  Whether  the  decrease 
was  due  to  the  adrenalin  per  se,  or  was  concomitant  to  the 
changes  connected  with  the  asthmatic  symptoms,  is  left  in  ques- 
tion. 

In  the  above  abstracts  no  attempt  is  made  to  cover  the  entire 
literature,  but  rather  to  cite  the  experimental  basis  for  adrenalin 
treatment  and  attempt  to  correlate  clinical  results,  explained  at 
present  by  means  of  "far-fetched"  theories.  That  adrenalin  has 
found  so  scant  favor  at  the  hands  of  the  general  practitioner 
may  be  ascribed  to  the  fear  of  evil  secondary  effects.  Braun^' 
warns  against  the  subcutaneous  injection  of  adrenalin,  but  wide- 
spread and  extensive  clinical  experience  not  only  does  not  bear 
this  out,  but  indicates  that  such  a  fear  is  groundless.  Kirchheim^'^ 
injected  daily  12  c.c.  of  the  market  solution  for  many  weeks  into 
patients  with  severe  infectious  diseases.  No  secondary  etfects  of 
evil  nature  were  to  be  noticed.  At  the  time  of  injection  certain 
unpleasant  results  have  been  pointed  out  as  occurring  transiently. 
Severe  palpitation  of  the  heart  may  occur,  which  leads  to  a  very 
pronounced  but  not  accelerated  pulse.  A  peculiar  restlessness 
may  set  in  which  may  create  the  patient's  alarm,  and  at  times  the 
face  may  rapidly  become  very  pale,  but  all  these  pass  rapidly 
away  and  at  the  same  time  the  respiration  becomes  easier  and 
softer  and  the  rattling  and  wheezing  sounds  cease. 

From  the  results  indicated  above  growing  out  of  the  use  of 
adrenalin  by  both  laboratory  and  clinical  workers  it  seems  reason- 
able to  conclude: 
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1.  Adrenalin  extends  the  knnina  of  contracted  bronchioles. 

2.  This  dilatation  of  the  bronchioles  is  probably  the  basis  for 
ihe  beneficial  action  of  adrenalin  in  the  treatment  of  asthma. 

3.  The  dilatation  follows  subcutaneous,  intravenous,  and 
endobronchial  administrations. 

4.  The  action  is  transient  bui  \er\-  effective  in  relieving  the 
acute  attack.  The  subcutaneous  administration  apparently  is  the 
most  transient. 

5.  The  administration  is  simple  and  no  injurious  results 
follow  as  a  secondary  sequence. 
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STANDARDIZATION    OF    DISINFECTANTS: 

SOME  SUGGESTED   MODIFICATIONS. 

H.  C.  Hamilton  and  T.  Oh  no,  Detroit,  Mich. 

(From   the  Research  Laboratory  of  Parke,   Davis   &  Co.,   Detroit,   Mich.) 

As  sources  of  infection  and  modes  of  contagion  become  more 
generally  known,  so  also  the  need  of  efficient  disinfection  is  more 
generally  appreciated.  For  many  years  carbolic  acid  or  phenol 
proper  was  the  first  and  almost  the  only  substance  thought  of  as  a 
real  germicide,  other  substances,  as  copperas  and  chloride  of  lime, 
being  commonly  recognized  as  deodorants  only.  Sophistication  of 
these  agents  was  probably  not  practiced  to  any  considerable  extent. 

The  advent  of  proprietary  articles  for  disinfection  opened  the 
way  for  the  exploitation  of  more  or  less  valuable  substances  of  a 
similar  character  to  phenol  but  with  claims  of  greatly  increased 
germicidal  value.  The  question  naturally  arose :  Are  they  more 
or  less  valuable  than  carbolic  acid  in  the  recommended  dilutions? 

So  insistent  is  this  question  that  bacteriologists  vie  with  each 
other  in  suggesting  methods  by  which  the  value  can  be  deter- 
mined. From  the  Garnet  ^lethod  of  Kronig  and  Paul  to  the  latest 
one  to  be  proposed,  that  described  in  Bulletin  82  of  the  Hygienic 
Laboratory,  is  a  long  step.  This  development,  however,  has  been 
a  process  of  evolution.  The  methods  now  employed  are  modifica- 
tions of  the  fundamental  principle  first  published  by  Rideal  and 
Walker  {Joitni.  Royal  San.  Inst.,  1906)  that  the  value  of  a  dis- 
infectant can  best  be  determined  in  the  laboratory  by  exposing 
filtered  bacteria  suspended  in  culture  medium  to  the  action  of 
diluted  disinfectant,  the  maximum  efficient  dilutions  of  sample 
and  of  pure  phenol  being  compared  to  determine  the  coefficient 
of  the  sample,  a  value  which  is  necessarily  relative. 

Suggestions  have  been  made  by  various  workers  to  modify  the 
details  in  the  process.  Blythe  and  others  {Journ.  Soc  Cliem. 
Ind.,  1906)  suggested  the  addition  of  organic  matter;  Chick 
{Journ.  of  Hyg.,  1908)  that  the  velocity  of  the  reaction  between 
organism  and  disinfectant  be  used  as  a  determining  factor;  the 
Lancet  Commission  (London  Lancet,  1909),  the  use  of  B.  coli 
communis  in  bile  salts  medium  as  the  organisfn;  Anderson  and 
McClintic  {Bulletin  82,  Hygienic  Laboratory),  without  suggesting 


any  radical  change,  reviewed  the  i)uhh>lied  methods  and  adopted 
from  them  those  details  which,  when  slii^htly  modified,  seemed 
to  them  to  meet  the  requirements  tor  a  simple  and  accurate 
method.  This  is  a  logical  course  to  pursue  and  since  the  Hygienic 
Laboratory  Method,  as  its  authors  prefer  to  call  it.  has  been 
recommended  by  the  Committee  of  the  American  Public  ITealth 
Association  for  adoption,  and  has  in  fact  been  adopted  by  some  of 
the  State  lioards  of  Health,  it  seems  advisable  to  suggest  at  once 
any  changes  which  will  simplif\.  shorten  or  improve  the  process 
of  standardizing  disinfectants. 

The  authors  of  this  ])aper  contributed  to  the  literature  on  the 
subject  {.I III.  Jouni.  of  Public  HcaltJi.  WH'l  ).  a  description  of  the 
method  in  use  for  ten  years  in  the  laboratory  of  I'arke,  Davis  & 
Co.  for  standardizing  disinfectants.  .Siuce  the  ])ublication  of  the 
Hygienic  Laboratory  Method,  both  methods  have  been  used  as  a 
means  of  becoming  familiar  with  the  details  of  the  latter  and  of 
comparing  the  results  obtained  by  each. 

In  the  cour>e  of  this  work,  \arious  modifications  have  sug- 
gested theniselves,  some  of  which  seem  of  sufficient  \aluc  to  be 
published. 

Organism.  Without  any  (|ue>tiiin  it  is  essential  that  the  same 
strain  of  the  same  organism  must  be  u>ed  in  order  to  instu'e  imi- 
fornnty  in  residts.  The  Cdcfiicient  nbtained  with  one  strain  of  B. 
typhosus  may  be  •'"><i  jier  cent,  [n  inn  prr  cent,  higher  than  that 
obtained  by  using  annther.  I\\en  ilie  ^ame  strain,  —  H.  typhosus 
(Hopkins),  oljtained  from  the  llygienic  Laboratory — changed  in 
its  relative  resistance  inwai'd  phenol  and  other  coal  tar  disin- 
fectants to  such  an  extent  th.it  coelluients  obtained  with  it  as  the 
test  organism  were  '"><)  ])er  cent,  higher  than  with  a  fresh  culture. 

Without  special  precautions  and  even  in  spite  of  such  ])recau- 
tions  a  cultiu'e  may  change  imperceptibly  until  the  results  with  it 
are  not  comparable  with  the  \alues  previously  olitaineil. 

Whether  the  facts  above  Udleil  an-  peculiar  to  the  I  Inpkius  cul- 
ture or  to  its  being  grown  in  the  tultuie  miMJiuui  adoptrd  b\  the 
(  ommittee  for  the  I '.acteriologieal  ."-^taudardi/alii  mi  nf  j)isiulect- 
anls,  this  being  the  one  used  b\  Ander-nn  and  .\lc(  liutic.  has  not 
yet  been  determineil.  .\  later  publii-alii  m  will  take  up  this  ])]iase 
of  the  pri  iblem. 

Trni prrulurr.      I'.xperimenls  ba\i'  bi-eii  cnuducted  which  pro\'e 
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that  more  uniform  results  may  Ijc  olitained  from  day  to  day  by 
workino;-  at  a  constant  temperature.  Within  reasonable  tempera- 
ture limits  the  coefficient  at  different  temperatures  remains  fairly 
constant  because  of  testins;-  the  standard  under  the  same  condi- 
tion. But  since  the  temperature  factor  is  considered  of  importance 
by  most  writers  this  feature  may  be  adoi)ted ;  the  advantage  to  be 
gained,  however,  is  not  in  accuracy  but  in  uniformity  in  daily 
results. 

Seeding  Tubes.  The  use  of  wide  seeding  tubes  recommended 
by  the  Lancet  Commission  and  incorporated  in  the  Hygienic 
Laboratory  Method  gives  greater  opportunity  for  accidental  con- 
tamination.    This,  however,  mav  not  be  serious  since  if  not  too 
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frecpient  the  illogical  results  occasioned  by  this  factor  are  easily 
detected  and  can  be  ignored  in  drawing  conclusions. 

Temperature  .-Idjusfnieiit.  When  the  wide  tubes  are  used  and 
the  teiuperature  is  to  be  adjusted  as  first  recommended  by  Rideal 
and  Walker  a  convenient  way  to  carry  it  out  is  to  have  a  sheet 
iron  pan  three  inches  deep  and  of  such  diiuensions  that  the  per- 
forated block  suggested  in  Bulletin  82,  Hygienic  Laboratory,  will 
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exactly  cover  it  and  rest  on  its  edges  (see  Fig.  1).  Such  a  pan 
will  hold  sufficient  water  to  keep  an  even  temperature  for  an  hour 
— the  time  required  to  test  GO  dilutions  for  a  period  of  15  minutes 
each.  The  block  must  be  modified  by  being  made  only  seven- 
eighths  of  an  inch  thick  and  have  the  holes  bored  through.  Wlien 
placed  on  any  flat  surface,  the  seeding  tubes  will  stand  upright 
in  a  convenient  position  for  filling.     After  filling  the  measured 
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disinfectant  solution  into  tiie  tubes,  the  board  can  be  ])Iaccd  over 
the  pan  for  the  succeeding  steps  of  .seeding  and  subculturing. 
'i'lie  tubes  will  pass  through  tlu'  boles  to  a  dcptb  of  two  inches 
below  the  bottom  of  the  board  till  held  by  the  llango. 


Sterilising  Loops.  Two  simple  adaptations  of  the  Lancet 
Method  for  sterilizing  the  platinum  loops  have  been  used.  One 
of  these  (see  Fig.  2)  consists  of  a  firmly  supported  slab  of  asbestos 
placed  in  a  slightly  inclined  position.  At  the  higher  edge  of  this 
slab  a  disk  of  sheet  iron  bent  at  right  angles  along  its  diameter 
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Figr-  3. 

is  fastened  in  such  a  way  that  the  handle  of  the  loop  will  lie  in 
the  bend  in  a  horizontal  position  at  such  a  height  as  to  be  in  the 
flame  of  a  fish-tail  burner.  A  spring  under  one  side  will  raise 
that  side  slightly  above  the  horizontal  to  keep  the  loop  over  the 
flame.  A  slight  pressure  will  depress  the  disk  enough  to  roll 
the  loop  off,  after  which  the  disk  returns  to  the  position  for 
holding  the  next  loop.  The  sterilized  loop  rolls  down  the 
slightly  inclined  slab  to  an  obstruction  or  to  the  loop  previously 
sterilized.  A  cut-out  in  the  asbestos  slab  under  the  handles  of 
the    loops    makes    it    easier    to    pick    them    up.      This    simple 
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apparatus  has  several  points  in  its  favor:  1st,  it  requires  only 
one  small  flame  for  sterilizing;  2cl,  the  wire  is  never  heated 
more  than  1  •">  seconds;  -Wl,  the  coolest  \vire  is  always  nearest  to 
the  operator ;  1th,  only  one  hand  is  needed  to  operate  it,  since  the 
flame  is  stationarv ;  •")th,  the  whole  apparatus  can  be  devised  from 
apparatus  and  material  at  hand  in  any  lalxiratory. 

The  other  method  illustrated  ( see  I""is;'.  :> )  makes  use  of  a  re- 
volving^ holder  for  the  ])latinum  loops.  The  axis  of  this  holder  is 
the  r>unsen  l)urner  tul)e.  ilie  handles  of  the  loops  are  held  up- 
rij^ht  in  a  slot  in  which  they  can  be  tilted  so  the  loop  is  either  in 
or  out  of  the  flame.  \'ery  few  movements  are  necessary  to  operate 
tiiis  method  and  it  has  several  advantai^es  over  t:)thers.  One  of 
these  is  that  there  is  nothing  to  get  out  of  order;  another,  that  a 
blue  flame  is  used,  thus  avoiding  the  formation  of  car1)on  on  the 
wires.  This  occurs  occasionally  with  a  lish-lail  burner  and  is  very 
destructive  to  tlie  wires. 

Abrid'^cd  Metlwds.  When  many  dilutions  are  to  be  tested, 
especially  when  one  knows  approximately  what  dilutions  of  the 
disinfectant  will  not  give  growth  at  *2j/4  minutes  and  those  that 
will  allow  growth  after  L")  minutes,  it  is  possible  to  shorten  the 
time  of  testing  and  to  use  fewer  tubes  of  culture  medium  liy  dis- 
carding the  strong  dilutions  after  one  or  more  subcultures  have 
been  taken  out,  and  substitute  the  weaker  dilutions  which  woidd 
certainly  have  given  growth  if  subcultures  had  been  planted  after 
only  short  exposures. 

i'irst.  A  scheme  was  outlined  to  set  two  rows  of  ten  seeding 
tul)e^.  each  with  dilutions  of  the  disinfectants  to  l)e  tested.  If 
dilutions  of  ])henol  and  two  disint\'ctants  are  to  be  tested,  the 
twenty  seeding  tubes  t-ontaining  tbein  may  bi'  arranged  in  the 
board  as  follows : 
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The  "1)0  dilution"  is  seeded  tirst,  ;ii)d  during  the  1  "•  seconds  al- 
lowed for  that  step  llic  "  1  ".o  dilnl  ion"  is  also  seeded  ;  then  the  I  DO 
and  the  bin  dilutions  dining  the  second   I  .^-set-ond  peiioil.    An  ;is- 
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sistant  is  needed  to  shake  tlie  tubes  before  returnint;"  tlieni  to 
their  proper  locations.  When  all  have  been  seeded  in  the  2^^- 
niinute  period,  then  a  subculture  is  taken  from  each  tube  in  the 
lower  row.  After  this,  tube  I'^O  is  substituted  for  90,  500  for  350, 
and  IGOO  for  1200.  After  the  5-minute  subcultures  have  been 
planted,  130  is  substituted  for  loo.  550  for  400  and  ITOO  for  1300. 
After  the  T^'2-niinute  subcultures  have  been  planted,  then  140  is 
substituted  for  110,  GOO  for  450  and  1800  for  1400.  After  the 
10-minute  subcultures  have  been  planted  1900  is  substituted  for 
1500  and  no  further  changes  are  necessary. 

The  results  can  best  be  recorded  by  using  a  diagram  repre- 
senting the  rack  containing  the  subcultures,  the  diagonal  line 
passing  through  the  first  subculture  of  the  higher  dilution. 
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Second.  This  was  later  further  shortened  by  making  subcul- 
tures only  at  2;^  minutes  and  15  minutes,  according  to  the  fol- 
lowing- scheme : 
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4  and  3:   2 J  minutes.      2  and  1:   15  minutes. 
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In  the  rows  1  and  2  are  placed  the  seeding  tubes  containing  such 
dilutions  of  the  disinfectants  as  should  show  both  growth  and  no 
growth  in  lo  minutes.  In  rows  3  and  4,  such  dilutions  as  should 
show  both  growth  and  no  growth  in  2^4  minutes.  The  rows  are 
seeded  in  order.  1,  then  2,  then  3,  after  which  subcultures  are  taken 
from  3.  Then  4  is  seeded  and  immediately  subcultured.  Then  the 
first  and  second  rows  are  subcultured  successively. 

By  this  scheme  only  20  minutes  are  required  to  seed  and  sub- 
culture 40  dilutions  and  only  40  tubes  of  medium  are  needed. 

All  the  data  necessary  for  the  coefficient  are  obtained  by  this 
method  since  the  coefiicient  is  based  entirely  on  the  greatest  dilu- 
tions which  kill  the  bacteria  in  2J/2  and  lo  minutes.  One  can 
choose  either  a  great  range  in  dilutions  or  have  check  dilutions, 
since  no  time  is  gained  by  having  fewer  than  40  dilutions. 

The  only  objection  to  be  advanced  against  these  abridged 
methods  is  that  without  the  results  between  the  2^  and  the  15- 
minute  subcultures,  wrong  conclusions  may  be  drawn.  These, 
however,  are  corrected  by  check  tests. 

The  foregoing  points  are  offered,  not  as  criticisms  of  any 
method,  but  suggestions  applicable  to  methods  commonly  used. 
They  may  be  helpful  to  others  as  they  have  been  to  us  in  simpli- 
fying and  shortening  an   irksome  process. 


PREVENTIVE    MEASURES   AGAINST   EQUINE 

INFLUENZA    BASED    ON    ITS 

BACTERIOLOGY.* 

By  N.  S.  Ferry,  Michigan. 

In  equine  influenza  we  are  dealing  with  a  disease  which  is 
considered  to  have  a  relatively  low  mortality  rate,  and,  therefore, 
not  to  be  especially  feared  by  the  general  public,  although  it  is 
known  to  be  extremely  infectious  and  contagious.  In  the  catar- 
rhal form,  Hutyra  and  ■\Iarek  give  the  mortality  rate,  under  fa- 
vorable conditions,  from  0.5  to  -i  per  cent,  while  in  the  pectoral 
form  it  ranges  from  4  per  cent  to  16  per  cent.  Although  the 
death  rate  is  high  enough  it  is  not  so  much  the  loss  due  to  the 
dead  animals  that  affects  the  shippers  and  owners  as  it  is  the 
enormous  expense  incidental  to  the  sickness  of  those  that  recover. 
I  believe  this  point  has  never  been  fully  emphasized.  A  large  per- 
centage of  the  horses  and  mules  passing  through  the  stock  yards 
and  sales  stables  of  the  country  contract  the  disease.  These 
animals  are  incapacitated  from  a  few  days  to  several  weeks,  and 
many  of  them  are  of  little  account  after  recovery,  due  to  the  re- 
sults of  complications  and  sequelae.  The  cost  of  stabling,  treat- 
ment and  care,  to  say  nothing  of  the  loss  of  time,  amounts  to 
millions  of  dollars  yearly,  irrespective  of  the  fact  that  the  loss 
due  to  diseases  among  animals  is  commonly  reckoned,  by  the 
average  observer,  according  to  the  mortality  rate  only.  This 
method  of  estimation  is  not  absolutely  incorrect  for  the  loss  due  to 
diseases  among  animals  intended  for  slaughter,  but  for  others  the 
estimation  should  be  based  upon  the  number  of  animals  affected, 
and  not  alone  on  those  that  die.  In  hog  cholera,  the  loss  in  dollars 
and  cents  to  the  farmer  is  figured  by  the  number  of  dead  hogs. 
If  the  loss  due  to  influenza  is  computed  on  the  same  basis,  it  is  a 
disease  not  so  much  to  be  dreaded,  but  if  the  number  of  animals 
aft'ected  are  included,  it  is  a  disease  of  the  greatest  economic  im- 
portance, and  yet  very  few  realize  the  fact.     The  question  then 

•Read    before    the    Sixteenth    Annual    Meeting    of    the    United    States    Live    Stock 
Sanitary  Association,  Pec,   3,   4,   piic}   5,   1012. 
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arises,  if  this  is  such  a  contagious  disease,  if  the  majority  of  horses 
suffer  at  one  time  or  another  with  the  infection,  if  0.5  per  cent  to 
16  per  cent  die  and  if  many  more  are  more  or  less  incapacitated 
for  Hfe,  ought  not  something  to  be  done  to  better  the  conditions, 
ought  not  shippers  and  owners  to  take  better  care  of  their  stock, 
and  ought  they  not,  as  well  as  the  federal  authorities,  to  make  an 
attempt  to  prevent  the  spread  of  the  contagion,  or  at  least  to 
control  it  by  more  exact  sanitary  precautions  and  hygienic  meas- 
ures? The  prevailing  idea  is  that  the  disease  has  always  been 
present,  that  horses  have  always  contracted  shipping  fever,  that 
those  shipped  from  one  part  of  the  country  to  another  nmst 
always  suffer  from  acclimation  fever;  therefore,  the  disease  has 
always  been  reckoned  with  other  unknown  quantities  as  profit 
and  loss. 

The  diseases  or  ctinditiims  included  in  this  paper  are  shipping 
fever,  equine  distemper,  strangles  and  equine  contagious  pneu- 
monia, as  well  as  the  classical  pinkeye.  These  infections  are  all 
contagious,  are  contracted  by  horses  and  mules  while  in  transit 
from  one  part  of  the  country  to  another,  are  practically  found 
existing  side  by  side  in  the  same  stable,  under  the  same  stabling 
conditions  and  in  the  same  epizootics,  and  as  a  rule  one  attack 
confers  immunity. 

If  it  can  be  shown  that  certain  pathogenic  microorganisms 
arc  [jresent  in  these  conditions  constantly,  and  that  the  majoirty 
of  fatal  lesions  following  these  diseases  or  conditions  are  due  to 
these  certain  microorganisms,  and  that  the  spread  of  these  micro- 
organisms can  be  controlled,  then  it  behooves  those  most  con- 
cerned to  use  plenty  of  conuuon  sense,  as  well  as  to  take  advantage 
of  all  scientific  measures  availai)le  to  stop  the  spread  of  the 
disease  and  check  its  ravages.  The  initial  cost  of  prophylaxis  luay 
appear  large,  but  the  final  >a\ing  is  eiiDrmous.  ''An  dunoe  of 
preventive  is  worth  a  jiound  of  cure,"  and  in  this  case  it  is  worth 
a  ton,  as  compared  with  the  loss  incurred  if  the  disease  is  allowed 
to  continue  nnrhccked. 

The  j)riiuary  cause  of  the  disease  has  never  been  satisfactorily 
|)roved,  although  we  are  i)retty  sure  of  the  organisms  that  pro- 
duce the  greater  luimber  of  pathological  lesions.  Let  us  turn 
for  a  mf)ment  to  the  authorities  and  see  what  is  said  concerning 
the  bacteriology  of  the  ctuulitions  recorded  in  this  paper  under  the 
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head  of  equine  intluenza.  After  sumniinj^-  up  the  Htcrature  to 
date  riutyra  and  Marek  give  us  the  following  conclusions'  "The 
true  primary  cause  of  the  disease  has,  up  to  the  present  time,  not 
been  established.  Bacteriological  examinations  prove  only  the 
fact  that  in  the  pectoral  form  (contagious  pleuro-pneumonia) 
two  bacteria  are  principally  present,  the  Streptococcus  pyogenes 
equi,  and  the  Bacillus  equisepticus."  In  strangles  the  Streptococ- 
cus equi  of  Schiitz  is  conceded  to  l)e  the  primary  etiological  factor. 
As  to  the  relation  between  the  vStreptococcus  pyogenes  equi  of 
influenza,  the  Streptococcus  equi  of  Schiitz,  the  Diplococcus  of 
equine  contagious  pneumonia  of  Schiitz,  and  the  ordinary  Strep- 
tococcus pyogenes,  it  is  still  a  much  mooted  question.  To  give 
some  idea  as  to  how  the  matter  stands  we  will  again  quote  from 
Hutyra  and  Marek :  "The  relation  of  streptococci  from  different 
derivations  to  each  other  has  not  yet  been  sufficiently  established. 
While  Schiitz  considers  his  streptococcus  as  an  independent 
species.  Roth  believed  it  identical  with  Schiitz's  diplococcus  of 
influenza  and  also  the  vStreptococcus  pyogenes  of  man.  Lignieres 
considers  the  identity  of  streptococcus  of  strangles  and  that  of 
influenza  proved  beyond  a  doubt,  while  he  believes  that  Rosen- 
back's  pyogenic  streptococcus,  which  plays  a  part  in  purpura 
hemorrhagica  of  horses,  among  other  diseases,  is  an  independent 
species."  In  fact  we  might  go  on  almost  indefinitely  giving  the 
arguments  pro  and  con  relative  to  the  relation  of  these  strepto- 
cocci ;  but  to  quote  again :  "The  identity  of  the  streptococci  of 
different  origin  is  still  an  unsettled  question,  the  solution  of  which 
is  surrounded  by  great  difificulties,  inasmuch  as  in  animal  experi- 
ments one  and  the  same  streptococcus  may  produce  various  dis- 
ease processes  (erysipelas,  suppuration)." 

About  two  years  ago  the  writer  (Studies  on  the  Etiology  of 
Equine  Influenza,  The  Vet.  Jour.,  London,  April,  1912)  became 
interested  in  the  question  of  the  etiology  of  influenza,  and  from 
cultures  taken  at  the  stock  yards  in  Kansas  City,  Mo.,  and 
from  epizootics  in  Rochester  and  Pigeon,  Mich.,  Ijy  himself, 
and  in  East  St.  Louis  and  New  York  City  by  Dr.  R.  H. 
Wilson,  the  following  results  were  obtained:  If  cultures  were 
taken  from  the  lower  trachea  in  the  very  earliest  stages  of  the  dis- 
ease (by  going  directly  into  the  trachea  through  the  tissues  of 
the  neck),  a  streptococcus  could  be  found  in  nearly  pure  culture 
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in  the  majority  of  cases,  while  cultures  from  normal  horses  gave 
no  growths,  and  by  taking  large  quantities  of  blood  aseptically 
from  the  jugular  vein,  a  streptococcus  was  found  in  36  cases 
out  of  63  (57  per  cent)  and  in  pure  cultures  in  24  cases  (38  per 
cent).  The  organisms  found  by  the  writer  could  not  be  dis- 
tinguished from  the  streptococci  isolated  from  strangles,  and 
presumably  the  streptococcus  of  Schiitz,  and  it  was  no  doubt  the 
same  organism  that  has  been  found  by  so  many  observers  in 
equine  contagious  pneumonia,  and  the  condition  termed  by  llutyra 
and  Marek  and  other  authorities  as  the  "pectoral  form  of  in- 
fluenza." The  organisms  found  by  the  writer  have  been  known 
to  pass  through  porcelain  filters,  thus  showing  that  they  must  be 
extremely  minute  in  some  of  their  life  cycle.  If  this  strepto- 
coccus has  anything  to  do  with  the  etiology  of  the  disease,  the 
fact  that  it  can  at  times  pass  through  these  filters  may  account 
for  the  findings  of  those  who  claim  that  the  etiology  is  chie  to  a 
filterable  virus.  Another  interesting  fact  relative  to  this  organism 
is  that  in  a  certain  numlier  of  cases  the  writer  was  unable  to  grow 
it  in  the  ordinary  lifjuid  culture  media  unless  a  pure  culture  of 
Staphylococcus  pyogenes  albus  was  planted  in  the  media  at  the 
same  time,  showing  the  symbiotic  relationship  between  this  or- 
ganism and  the  staphylococcus.  This  may  also  account  for  the 
inability  of  some  observers  to  obtain  any  growth  after  blood 
serum  had  been  filtered,  or  even  before.  The  writer  has  had 
serums  that  would  not  give  a  growth  of  the  organism  after  re- 
peated trials  unless  a  culture  of  staphylococcus  was  planted  w  ith 
it,  at  which  time  the  streptococcus  became  very  much  in  evidence. 
It  seems  to  be  characteristic  of  the  organism  to  grow  much  more 
luxnriantly  in  the  i)rcsence  of  the  staphylococcus  than  alone. 

As  has  been  said  hciore,  the  qucsti(jn  as  to  the  primary  eti- 
ology continues  to  be  an  open  one,  but  the  fact  still  remains  that 
in  all  of  these  conditions  wc  tind,  from  the  \ery  earliest  stages  to 
the  very  latest  and  in  all  complications,  a  streptococcus,  and  if 
looked  for  consistently  it  can  be  found  in  every  case.  Knowing, 
therefore,  that  a  certain  pathogenic  micro(")rganism  is  found  in 
all  stages  of  these  varying  conditions,  and  in  all  complications 
resulting  hom  the  infection,  let  us  turn  to  the  control  of  this 
microorganism  and  see  what  can  be  done-  to  stop  its  spread  and  to 
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prevent  the  infection  in  horses  which  have  never  suffered  with  the 
disease. 

Assume  for  the  sake  of  argument  that  the  true  primary  cause 
of  the  disease  is  a  filterable  virus  or  some  otlier  unknown  or- 
ganism and  not  this  streptococcus.  Under  these  conditions,  if  we 
can  control  this  streptococcus  and  can  prevent  the  complications  in 
a  certain  number  of  cases,  it  must  be  conceded  we  have  accom- 
plished something,  as  all  authorities  are  willing  to  admit  that  the 
majority  of  fatal  results  in  influenza  follow  complications  due  to 
a  streptococcus.  On  the  other  hand,  it  is  practically  agreed  by  all 
that  the  streptococcus  of  Schiitz  is  the  cause  of  strangles,  and  as 
many  cannot  distinguish  between  the  streptococcus  found  in  in- 
fluenza, contagious  pneumonia,  pinkeye,  etc.,  and  the  species 
found  in  strangles,  it  is  not  entirely  out  of  all  reason  to  designate 
this  streptococcus  as  the  cause  of  these  other  conditions.  If  this 
shall  ultimately  prove  to  be  the  case,  then  by  preventing  the  spread 
of  this  microorganism  we  are  controlling  the  infection  to  a  certain 
degree,  and  carrying  on  a  system  of  prophylaxis  that  in  time  is 
bound  to  work  wonders,  and  will  pave  the  way  to  the  saving  of 
millions  of  dollars  to  shippers  and  owners  yearly. 

The  methods  of  prevention  are  three  : 

1.  Isolation  of  infected  animals  followed  by  well-known  ap- 
proved methods  of  antisepsis. 

2.  Practical  disinfection  and  fumigation  of  stables,  stock 
yards  and  railroad  cars. 

3.  Prophylactic  vaccination  before  shipment  and  before  ex- 
posure. 

The  first  and  third  methods  can  be  carried  out  with  very  little 
trouble  or  expense.  All  it  necessitates  is  a  determination  on  the 
part  of  the  owner  and  shipper,  and  a  certain  degree  of  intelligence 
on  the  part  of  those  detailed  to  carry  on  the  work.  The  second 
method,  however,  is  not  so  easy  to  secure  favorable  action  upon, 
for  it  at  once  imposes  a  condition  on  those  not  directly  interested, 
and,  therefore,  if  anything  from  that  source  is  ever  brought  about 
it  would  be  years  before  results  could  be  expected.  It  is  not  an 
absolute  impossibility,  however,  to  properly  disinfect  and  fumi- 
gate all  railroad  cars  in  which  horses  and  animals  are  shipped, 
and  perhaps  some  day  this  will  be  demanded.  It  is  true  that  in- 
fluenza may  be  found  on  many  farms  on  which  the  horses  are 
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raised  and  from  whence  they  are  shipped,  but  after  all  the  cars 
and  stock  yard  stables,  reeking  with  infection,  are  the  most  fruit- 
ful source  of  the  disease,  and  yet  nothing  of  a  practical  nature  is 
being  done  to  protect  from  infection  the  animals  housed  in  them. 
Experience  and  experiments  have  shown  that  the  microorganisms 
under  discussion  are  found  in  the  secretions,  excretions  and  dis- 
charges from  the  infected  animals,  and,  therefore,  isolation  of 
the  animal,  together  with  careful  handling  and  antiseptic  pre- 
cautions, are  the  best  means  available  for  preventing  the  spread 
of  the  infection. 

The  most  approved  method  of  prophylaxis  against  any  infec- 
tion of  known  etiology,  however,  is  that  based  on  scientific  experi- 
ments, of  producing  an  active  immunity  in  the  animal  against  these 
microorganisms.  According  to  all  authorities,  an  active  immunity 
may  be  obtained  either  by  an  attack  of  the  disease  due  to  natural 
exposure,  known  as  naturally  acquired  immunity,  or  by  deliberate 
inoculation  of  the  microorganisms  into  the  animal,  which  is 
termed  artificially  acquired  immunity.  It  is  the  rule  that  an 
animal  having  recovered  from  influenza  and  the  allied  conditions 
is  thereafter  immune ;  therefore,  for  protective  purposes  in  ani- 
mals which  have  never  suitered  with  the  disease,  we  must  attempt 
to  produce  relatively  the  same  immunity  under  artificial  condi- 
tions. An  active  artificial  immunity  may  be  produced  by  any  one 
of  several  ways : 

(a)  By  injecting  into  the  animal  body  li\ing  virulent  bac- 
teria. 

(b)  ]\\   injecting  living  bacteria  <A  diniinished  virulence. 

(c)  V>y  injecting  dead  bacteria. 

(d)  By  injecting  bacterial  products  secreted  or  excreted  dur- 
ing the  life  of  the  bacteria. 

(e)  By  injecting  bacterial  products  arising  from  the  disinte- 
gration of  the  cells  after  death. 

For  practical  purposes  it  has  been  found  to  be  the  safest  pro- 
cedure in  the  majority  of  diseases  to  use  suspensions  of  dead 
bacteria.  These  are  termed  bacterial  vaccines  or  bacterins. 
'J'herefore,  in  order  to  render  horses  immune  against  the  strepto- 
cocci under  di.scussion  they  should  be  injected  with  vaccines  pre- 
I)arcd  from  these  organisms.  Whether  these  organisms  are  the 
primary  cause  of  the  disease  is  not  the  main  issue.     Experience 
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has  taught  that  a  large  majority  of  horses  can  be  protected,  pro- 
viding they  are  properly  treated  a  certain  length  of  time  before 
exposure.  Experience,  however,  is  not  the  only  basis  for  the  use 
of  these  vaccines.  Animal  experiments  have  shown  that  prophy- 
lactic injections  of  suspensions  of  these  dead  organisms  will  pro- 
tect against  injections  of  the  live  virulent  bacteria,  and  tests  on  the 
blood  of  the  protected  animal,  according  to  the  opsonic  index, 
have  shown  a  large  increase  in  the  opsonins.  All  horses,  there- 
fore, should  be  vaccinated  before  being  shipped,  and  the  owner 
or  receiver,  in  order  to  protect  those  horses  already  in  the  stables, 
should  give  them  a  thorough  course  of  prophylactic  treatment. 
One  injection  of  a  large  dose  will  do  for  a  short  interval,  but  three 
injections  of  properly  graduated  doses  with  intervals  of  a  few 
days  will  give  better  results,  and  ought  to  sufihce  to  protect  the 
horse  for  at  least  six  months  or  perhaps  a  year.  xA.s  these  vaccines 
have  been  in  general  use  but  a  relatively  short  time,  one  is  not 
warranted  at  the  present  time  in  laying  down  a  hard  and  fast 
rule  as  to  the  length  of  immunity  conferred  after  the  prophylactic 
treatment. 
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CORRECTING    WATER. 

Methods     of    Treating     Hard     and     Alkaline     Waters — How 

to     Remove     Objectionable     Ingredients — Ways     of 

Improving  Water  for  Washing  Purposes  and 

for  Diluting  Dips  and  Disinfectants. 

Bv  H.  C.  llA.Mii/roN. 

(From  the  Research  Laboratory  of   Parke,  Davis  &  Co.,   Detroit,  Mich.) 

Water  as  supplied  to  cities  for  domestic  purposes  is  no  longer 
looked  upon  as  merely  water,  but  as  a  suspension  of  bacteria 
and  dirt  in  a  solution  of  salts.  As  such,  the  health  officer,  the 
cit}'  chemist  and  loacteriologist,  and,  in  yearly  increasing  num- 
bers, the  consumer,  are  looking  at  it  with  growing  suspicion. 

It  is  stored  in  settling  basins  or  filtered  to  remove  suspended 
matter,  and  is  treated  with  germicides  if  dangerous  bacteria  are 
present.  In  manufacturing  plants,  it  is  mixed  with  substances 
intended  to  remove  or  make  less  objectionable  the  ingredients 
which  form  l^oiler  scale  or  which  corrode  the  boiler.  But  for 
drinking,  cooking,  washing  and  other  domestic  purposes  no  at- 
tention is  usually  paid  to  the  substances  in  solution. 

While  water  for  drinking  purposes  may  be  very  oljjectionable 
to  one  unaccustomed  to  the  presence  or  absence  of  certain  soluljle 
salts,  very  few  salts  found  in  water  other  than  sea  water  make 
it  unfit  for  drinking  purposes.  In  fact  the  presence  of  lime  and 
magnesia  in  reasonable  quantities  is  considered  to  be  distinctly 
beneficial,  and  when  one  is  accustomed  to  a  water  of  this  char- 
acter, "soft"  water  is  very  insipid.  For  washing  purposes,  how- 
ever, the  presence  of  any  considerable  quantity  of  salts  in  the 
water  is  decidedly  objectionable,  for  if  they  do  not  combine  and 
form  insoluble  compounds  with  the  soap,  they  may  render  the 
soap  itself  insoluble  and  destroy  its  detergent  properties. 
Common  salt  or  sodium  chloride  does  not  form  any  compound 
with  soap,  but  merely  makes  it  insoluble.  Sea  water,  however, 
and  most  natural  waters  containing  this  salt,  usually  have  lime 
and  magnesia  compounds  associated  with  it,  which  makes  it  unfit 
for  washing  with  ordinary  soap  without  correcting  the  water. 
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E.MULSTFVIN'G    COAL-TAR    DIPS. 

There  is  another  important  use  for  water  for  which  soft 
water  is  just  as  necessary  as  for  steam  and  washing  purposes, 
namely,  to  dilute  a  product  which  depends  on  soap  for  its  solu- 
bility. Most  of  the  coal-tar  dips  and  disinfectants,  whose  prin- 
cipal ingredient  is  creosote  oil  from  coal  tar,  are  made  soluble 
in  or  miscible  with  water  by  means  of  soap.  A\'hen  these  are 
mixed  with  water,  the  insoluble  oils  are  broken  up  into  minute 
globules  and  held  in  the  form  of  a  white  emulsion  if  the  soap 
is  readily  soluble  in  the  water.  If  the  water  is  of  such  a  char- 
acter that  the  soap  does  not  dissolve  or  is  made  insoluble,  it  is 
impossible  to  obtain  a  proper  mixture  of  the  active  oils  with  the 
water.  In  such  cases  there  usually  results  a  dark  nniddy  mixture 
which  is  cither  dangerous  or  unfit  to  use  for  dipping  animals. 
If  the  oil  floats  on  the  surface,  the  first  animals  dipped  are  coated 
with  almost  ])Ure  <)il,  whicli  in  this  condition  is  often  ^  cry  cor- 
rosive. If  the  oil  is  carried  to  the  bottom  with  the  ctirdy  soap, 
very  little  will  come  in  contact  with  the  animal  and  no  beneficial 
action  follows. 

It  is  the  purpose  of  this  article  to  point  out  the  objectionable 
features  of  the  various  foreign  sul)stanccs  which  occur  in  the 
waters  of  the  country,  means  by  which  ihcy  may  l)c  readily 
identified,  and  the  measures  necessary  to  eliminate  them  from 
waters  intended  for  washing  purposes,  for  steam  boilers,  and  for 
diluting  coal-tar  dips. 

IIAKI)    AM)    SOFT    W.\TRRS. 

I'ure  water  is  an  almost  unknown  sul)stance  because  water 
is  SO  good  a  solvent  that  it  can  rarely  be  found  without  some 
foreign  substance  dissolved  in  it.  Kain  water  before  it  reaches 
the  ground  has  dissolved  or  susjjended  in  it  a  large  part  of  the 
constituents  of  the  dust,  smoke  and  gases  contimially  arising 
from  po])ulous  manufacturing  i-ommunities.  This  is  compara- 
tively small,  however,  outside  the  vicinity  of  smelting,  refining 
and  other  chemical  works,  and  rain  water  is  usually  api)lical)le 
for  almost  an\-  purpose  w  itlioiU  trcalnunl.  It  is  objei'tionablc 
as  a  be\erage  because  of  its  freedom  from  salts.  This  character- 
istic of  rain  water  is  particularly  desirable  for  all  purposes  where 
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soap  is  to  be  dissolved  in  it,  and  is  responsible  for  the  term  "soft 
water." 

Hard  water  is  that  containing  calcium  or  magnesium  salts, 
particularly  the  former,  since  the  average  hard  water  contains 
two  to  ten  times  as  much  lime  as  magnesia.  Temporary  hardness 
is  that  form  in  which  these  bases  occur  as  carbonates  and  bicar- 
bonates  resulting  from  the  passage  of  the  water  over  and  through 
limestone.  A  large  part  of  these  dissolved  salts  are  precipitated 
by  boiling  the  water,  a  fact  which  is  responsible  for  the  term 
"temporary  hardness."  Where  boiling  is  not  practicable  and 
softening  is  necessary,  it  can  best  be  accomplished  by  the  addition 
of  either  potash  or  soda  lye  or,  when  neither  of  these  is  available 
or  is  too  expensive,  by  the  use  of  fresh,  water-slaked  lime. 
Whether  these  salts  which  are  ordinarily  insoluble  in  water  are 
present  as  bicarbonates  or  in  a  colloidal  state  (see  Allen,  J.  S.  C. 
I.  7,  795-806)  is  not  known,  but  the  commonly  accepted  theory 
is  that  carbon  dioxide  is  present  in  excess  of  that  necessary  to 
form  the  carbonates.  The  basis  for  this  theory  is  that  when 
carbon  dioxide  is  removed  by  combination  with  the  lye  or  by 
boiling,  an  immediate  precipitation  of  the  carbonate  of  lime 
occurs  and  the  water  is  "softened."  This  can  be  illustrated  by  a 
chemical  formula  onlv  on  the  supposition  that  lime  is  present  as 
a  bicarbonate  as  follows : 


Or, 


(1)    Ca(HCO:0*+2NaOH+aq.=CaCOa+NA.CO.+aq. 
(bicarb,  of  lime)     (caustic  soda)  (precipitate) 


^2)    CaCHCO.).  +  Ca(OH).-^aq.  =  2CaCO.;+4H.O. 
(bicarb,  of  lime)  (slaked  lime)  (precipitate) 


"Permanent"  hardness  is  distinguished  from  "temporary"  in 
the  fact  that  boiling  does  not  materially  decrease  it.  It  is  the 
name  applied  to  hardness  remaining  after  the  water  is  boiled.  It 
is  caused  by  the  presence  of  the  sulphates  of  lime  and  magnesia, 
and  is  more  objectionable  than  the  temporary  hardness  because 
these  salts  are  soluble  in  water  to  a  much  greater  degree.  In 
fact  magnesium  sulphate  or  Epsom  salt  is  soluble  to  such  an 
extent  that  where  it  predominates  over  the  calcium  sulphate  or 
gypsum,  the  water  is  no  longer  classed  as  "hard,"  but  is  called 
"alkaline."  Permanent  hardness  may  be  recognized  by  the  action 
of  washing  soda  or  sal  soda,  technically  known  as  "sodium  car- 
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bonate,"  which  produces  a  precipitate  according  to  the  following 
equation : 

(3)  CaS04+Xa=C0:>  +  aq.  =  CaCO.  +  Na..SO.  +  aq. 
(gjpsum)     (soda  ash;  (precipitate) 

(4)  MgSO.  +  Na.CO.+aq.  =  MgCOs  +  Na.SO.+aq. 
(Epsom  salt)     (soda  ash)  (precipitate) 

ALKALINE    WATER. 

Water  which  contains  as  its  principal  foreign  ingredients 
sodium  or  potassium  carbonate  or  bicarbonate  is  technically 
known  as  alkaline  water.  Other  substances,  however,  are  found 
in  water  which  is  classed  as  alkaline,  particularly  the  sulphates 
of  sodium  and  magnesium.  The  deposit  left  from  the  evapora- 
tion of  such  waters  in  hot.  dry  climates  is  very  irritating  to  the 
eyes,  nose  and  throat.  It  is  popularly  known  as  "alkali"  and  is 
the  name  applied  to  any  noticeable  white  coating  on  the  soil. 

In  some  of  the  Western  States  the  soil  and  the  water  are  so 
impregnated  with  this  "alkali"  that  it  is  almost  unfit  for  any 
purpose.  It  must  even  be  used  with  extreme  caution  for  irri- 
gation purposes,  since  if  allowed  to  evaporate  instead  of  being 
promptly  drained  off,  the  accumulation  of  alkali  in  the  soil  is  so 
excessive  as  to  prevent  the  growth  of  plants.  Such  a  water  must 
be  treated  with  a  percii)itant  that  will  remove  all  the  constituents. 
The  theoretical  limit  of  salts  in  water  for  irrigation  purposes  is 
;!ii()  parts  sodium  chloride  (common  salt)  or  sodium  carbonate 
(black  alkali)  and  ;5n(>()  parts  of  the  less  harmful  salts  per 
million  parts  of  water. 

The  .\rabs  in  the  Algerian  oases  of  the  Sahara  Desert,  how- 
ever, are  using  for  irrigation  i)urposes  water  containing  as  high 
as  8000  parts  of  soluble  salts  per  million  parts  of  water,  and  in 
i^ovAQ  cases  one-half  of  this,  or   Hmio  ])arts,  is  sodium  chloride. 

Ti.e  I>ureau  of  Soils  has  investigated  their  methods  and  fmds 
that  bv  a  liberal  use  of  the  water  on  well-drained  soils,  the  land 
can  be  brought  to  and  kept  in  a  condition  suitable  for  any  crop 
which  is  adapted  to  the  climate.  Two  or  three  years  are  often 
recjuired  to  remove  the  accunuilated  salts  before  attempting  culti- 
vati(jn,  and  (|uick  drainage  nnist  be  employed  (o  ])re\ent  a  further 
accumulation. 

In    the   ordinary   "hard"    water   due   to   gypsum,   the   sodium 
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sulpliale  remaining  in  solution  after  treating  with  washing  soda 
is  not  objectionable  because  there  is  not  sufficient  to  make  soap 
insoluble.  When,  however,  "alkali"'  water  containing  a  large 
amount  of  magnesium  sulphate  is  treated  with  washing  soda,  the 
magnesium  is  removed,  but  so  large  a  proportion  of  sodium 
sulphate  may  remain  that  the  emulsifying  properties  of  the 
water  are  not  greatly  improved.  In  this  case,  the  water  can  best 
be  treated  with  fresh  water-slaked  lime  according  to  the 
equation : 

(5)  MgSO.     +     Ca(OH)^^+aq.     =     Mg(OH).-t-CaSO,+aci. 

(Epsom  salt)    (water-slaked  lime)  (precipitate) 

Both  the  reaction  products  are  practically  insoluble,  and  if 
magnesium  sulphate  were  the  only  foreign  substance  present,  the 
water  after  settling  should  be  in  a  satisfactory  condition  for  most 
purposes.  If,  however,  the  water  also  contained  gypsum,  which, 
as  has  been  noted,  is  nearly  always  associated  with  Epsom  salt, 
an  additional  treatment  with  washing  soda  is  necessary,  since  the 
application  of  slaked  lime  does  not  afifect  this  ingredient.  The 
reaction  in  this  case  is  that  shown  in  equation  (3).  It  is  neces- 
sary to  add  a  small  amount  of  washing  soda  to  the  water  after 
the  lime  treatment  in  every  case  because  even  if  no  gypsum  was 
present  in  the  water  naturally,  it  is  difficult  so  to  adjust  the 
addition  of  slaked  lime  as  to  have  sufficient  for  the  combination 
without  an  excess  which  is  very  objectionable.  This  excess  of 
lime  and  the  gypsum  formed  in  the  reaction  are  removed  by  the 
use  of  washing  soda. 

The  use  of  these  two  precipitants,  lime  and  soda  ash,  mixed 
together  before  applying  to  the  water,  has  been  recommended 
{Jour.  Soc.  Client.  Ind.,  June  30,  1891)  in  an  address  by  Arch- 
butt  and  Deely  on  "The  Treatment  of  Hard  Water."  A  similar 
mixture  is  that  used  by  the  Chicago,  Milwaukee  and  St.  Paul 
R.  R.  {Chemical  Engineering,  Stillman,  page  97 ),  two  parts 
caustic  soda  and  one  part  washing  soda  mixed  and  dissolved  in 
a  gallon  of  water. 

These  two  methods  are  both  applicable  for  the  treatment  of 
feed  water  for  steam  engines,  but  for  dissolving  soaps  better 
results  are  obtained  by  the  method  suggested  above,  namely,  to 
follow  the  treatment  with  water-slaked  lime  by  an  addition  of 
soda  ash  or  washing  soda. 
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"Black  alkali"  waters  are  those  containing"  sodium  carbonate 
and  sulphate  in  solution.  If  no  calcium  or  magnesium  salts  are 
present,  no  corrective  treatment  is  needed  unless  there  is  an  ex- 
cessive quantity,  but  usually  some  of  these  are  present  and  an 
addition  of  either  lime  or  soda  is  necessary. 

Acid  waters,  rendered  so  by  leaching  decomposed  organic 
matter  or  by  receiving  the  drainage  from  mines  or  factories,  and 
water  containing  the  chlorides  of  calcium  and  magnesium  and 
the  soluble  salts  of  iron  and  aluminum,  are  to  be  corrected  only 
by  use  of  soda.  Hvdrogen  sulphide  occurring  in  some  spring  or 
mine  waters,  while  not  greatly  affecting  a  soaj)  solution,  is  ob- 
jectionable in  manv  cases  and  ma\'  l)c  removed  b\'  ferrous  sul- 
phate  ( coi)i)eras). 

TESTING   AXn   CORRICCTI  NT.   WATKRS. 

hVom  the  foregoing  it  is  exidenl  that  a  chemical  examination 
of  a  sample  of  water  would  sui)ply  valuable  information  as  to 
the  best  method  of  correcting  it  when  it  fails  to  emulsify  a  coal- 
tar  dip,  forms  a  curd  instead  of  a  foamy  lather  with  soap,  or 
forms  scale  in  the  I)oiler.  However,  some  sim])le  tests  may  be 
devised  to  determine  what  treatment  to  apply. 

If  an  emulsive  coal-tar  product  will  not  mix  with  a  certain 
water,  proceed  as  follows: 

].  In  1  pint  of  the  water  dissolve  15  grains  of  sodium  car- 
bonate. If  a  considerable  cloudiness  occurs,  shake  tlK^roughly. 
and  after  one  hour  ]iour  off  llic  water  from  this  sediment  and 
test  its  ennilsifving  properties,  comparing  with  the  untreated 
water. 

'2.  If  tlu-  enndsion  is  not  good  or  if  onl\  a  slight  cloudiness 
results  from  the  first  test,  use  a  second  pint  sample  of  the  water 
and  add  •">  grains  of  Ive.  If  cloudiness  forms,  stir  thoroughly  and 
allow  to  stand  1  hour.  Tour  off  .nid  trsl  tlu'  water  standing 
above  the  ])recipitale  if  precipitation  has  occurred. 

'■'>.  If  the  enndsion  is  not  good,  although  a  i)recii)itate  has 
formed,  take  another  piiU  sample  of  the  water  ;ind  add  15  grains 
of  sodium  carbonate  and  '>  grains  of  l\e.  .shake  or  stir  the 
water  thoroughly  and  test  the  sample,  ont-  hour  after  mixing,  by 
noting  the  (|uality  of  the  ennilsion  it  will  make. 
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In  every  case  the  lye  or  soda  is  to  be  dissolved  in  some  water 
before  adding  to  the  sample. 

If  the  emulsion  is  still  unsatisfactory,  it  is  prol)a])ly  due  to 
ingredients  of  special  character  and  requires  a  chemical  examina- 
tion before  further  directions  are  possible.  If  one  of  the  three 
methods  is  found  to  improve  the  emulsion,  the  next  step  is  to 
determine  the  amount  of  necessary  ingredients  to  ])e  used  per 
gallon. 

If,  in  preliminary  test  (1)  a  precipitate  occurs,  the  necessary 
amount  of  sodium  carI)onate  can  be  roughly  determined  by  the 
following  procedure : 

(o)  Measure  out  1  gallon  of  water  very  carefully  into  a 
container  that  will  hold  2  gallons. 

(b)  Prepare  a  test  solution  by  dissolving  15  grains  of  sodium 
carbonate  in  1  ounce  of  w'ater.  This  will  be  known  as  Test 
Solution  No.  1.  There  should  be  three  or  four  lots  of  this  solu- 
tion prepared  beforehand. 

(c)  Add  one  lot  of  Test  Solution  No.  1  to  the  gallon  of 
water  and  stir  or  shake  thoroughly. 

(d)  Take  out  some  of  the  water  in  a  glass  tumbler  or  bottle 
and  add  to  it  a  second  lot  of  Test  Solution  No.  1.  Watch  closely 
to  see  if  a  cloudiness  occurs  when  the  test  solution  is  slowly 
dropped  in. 

(e)  If  this  occurs,  mix  the  tumblerful  with  the  gallon  lot 
and  again  stir  or  shake  thoroughly.  Repeat  (d)  and  (e)  until 
finally  no  cloudiness  occurs  on  adding  Test  Solution  No.  1  to  a 
portion  of  the  gallon  sample. 

If  in  the  preliminary  test  (1)  no  cloudiness  occurs,  but  forms 
on  applying  test  (2),  the  necessary  quantity  of  lye  or  lime  can 
be  determined  as  follows  : 

(a)  Measure  out  1  gallon  of  the  water  as  before  into  a 
2-gallon  container. 

(b)  Prepare  a  test  solution  by  dissolving  5  grains  lye  in  a 
tablespoonful  of  the  water.  This  will  be  known  as  Test  Solu- 
tion No.  2.  There  should  be  three  or  four  lots  of  this  prepared 
beforehand. 

(c)  Add  one  lot  of  Test  Solution  No.  2  to  the  gallon  sample 
and  shake  or  stir  thoroughly. 

(d)  Take  out  some  of  the  water  in  a  glass  tumbler  or  bottle 
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and  add  to  it  a  second  lot  of  Test  Solution  Xo.  2.  \\'atch  closely 
for  a  flocculent  precipitate  to  form  when  the  test  solution  is 
dropped  in. 

(c )  If  this  occurs,  mix  the  tuml)lerful  of  water  with  the 
gallon  lot  and  stir  or  shake  thoroughly. 

(/)  Repeat  (d )  and  (c)  until  no  further  precipitation  occurs 
on  adding  Test  Solution  No.  2. 

If  in  the  preliminary  test  (3)  the  water  was  found  to  require 
treatment  with  both  lye  and  sodium  carI)onate,  proceed  as  fol- 
lows : 

(a)  Use  either  of  the  two  1-gallon  samples  corrected  as 
above  and  apply  the  other  treatment,  following  the  directions  the 
same  as  for  a  fresh  sample  of  water.  If  it  is  found  after  adding 
several  lots  of  the  test  solution  that  the  water  is  too  cloudy  to 
determine  whether  any  further  cloudiness  occurs  on  adding  an- 
other lot  of  either  test  solution,  allow  the  water  to  stand  for  a 
short  time  and  this  conditit^n  will  disappear. 

From  the  data  obtained  for  one  gallon  of  water,  as  above,  the 
amount  of  lye,  lime  or  soda  ash  necessary  for  500  gallons  of 
water  may  be  calculated  as  follows : 

A.  If  lye  is  to  be  used.  If  5  grains  of  lye  (one  lot  of  Test 
Solution  Xo.  2)  was  sufficient  to  correct  one  gallon  of  water, 
use  one-half  pound  of  lye  for  each  ooo  gallons.  Dissolve  the  lye 
in  water,  using  one  (|uart  for  each  lialf-])oun(l  of  lye,  and,  when 
completely  dissolved,  mix  thoroughly  with  the  water  in  the  vat. 

I'^xamplc:  If  three  lots  of  Test  Solution  Xo.  2  were  used 
for  one  gallon  and  tlic  \al  holds  Hmki  ^^allons,  ihcrc  will  be  re- 
(juired  •'»  pounds  of  lye,  which  .should  be  dissoKed  in  i;  (|uarts 
of  water. 

/^.  If  lime  is  used  instead  of  l\e.  b'.xactly  the  same  calcula- 
tion ajjplies  in  this  case  as  in  A  to  determine  the  necessary 
amount.  Use  onlv  fresh  stone  lime.  .Slake  it  in  water,  using 
about  a  gallon  of  water  to  a  pound  of  lime.  \\  hen  slaked,  stir  in 
enough  water  to  make  a  thin  milk  .ind  add  this  to  the  water  in 
the  vat. 

C.  If  .soda  ash  is  to  be  used.  I'"i>r  eaeh  l(»t  of  Test  .Solution 
So.  1  (\~>  grains  of  sodium  carlx  >n;itt' )  used  to  correct  one  gallon 
of  water,  use  1  an<l  I  '>  jiounds  soda  a^h  for  e.uh  .')()()  gallons. 
Dissolve   the  soda  ash    in   water,  using  •')  pints   for  each   pound. 
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When  cunipletely  dissolved,  stir  tlie  solution  th(jruughly  into  the 
water  in  the  vat. 

h^xample :  If  three  lots  of  Test  Solution  No.  1  were  used 
to  correct  one  gallon  of  water,  use  dy^  pounds  for  each  5i)(» 
gallons.  If  the  vat  holds  1000  gallons,  use  11  pounds  of  soda 
ash  dissolved  in  6J/  gallons  of  water. 

D.  If  sal  soda  or  washing  soda  is  to  be  used.  For  each  lot 
of  Test  Solution  No.  1  (15  grains  sodium  carbonate)  used  to 
correct  one  gallon  of  water,  use  5  pounds  of  sal  soda  or  washing 
soda  to  correct  each  500  gallons  of  water. 

Example:  If  three  lots  of  Test  Solution  No.  1  were  used 
in  one  gallon  of  water,  use  15  pounds  sal  soda  in  500  gallons  or 
30  pounds  for  1000  gallons.  Dissolve  the  soda  in  a  half  gallon 
of  water  for  each  3  pounds  and  stir  the  solution  thoroughly  into 
the  water  in  the  vat. 

E.  If  both  lime  and  soda  ash  are  necessary  for  correcting 
the  water,  always  use  the  lime  treatment  first.  Any  excess  of 
lime  will  be  removed  by  the  subsequent  addition  of  soda  ash. 
See  B  and  D  for  quantities. 

When  the  water  has  been  treated  by  one  or  more  of  the 
methods  described  above,  the  resulting  precipitates  usually  settle 
to  the  bottom  in  a  few  hours.  A  floating  scum  can  be  either 
skimmed  off  or,  if  stirred  slightly,  it  will  settle.  This  sediment 
is  more  or  less  objectionable,  therefore,  if  it  is  possible  to  draw 
off  or  dip  the  water  into  another  container,  leaving  the  sediment 
in  the  first  tank,  a  better  emulsion  will  result  when  coal-tar 
products  are  mixed  with  the  water. 

A  better  emulsion  is  obtained  if  the  preparation  is  thoroughly 
mixed  with  an  equal  amount  of  water  before  diluting  it  to  the 
full  amount. 

For  example :  If  7  gallons  of  dip  are  to  be  added  to  500 
gallons  of  water,  it  can  be  emptied  into  the  vat  after  7  or  8  gal- 
lons of  water  have  been  put  in,  or  it  can  be  mixed  with  7  gallons 
of  water  and  then  poured  into  the  remainder  of  the  500  gallons 
which  is  already  in  the  vat.  This  suggestion  applies  whether  one 
uses  rain  water  or  softened  water. 

When  it  is  impossible  or  inconvenient  to  obtain  the  chemicals 
referred  to  above,  there  is  another  method  of  examining  and 
correctingf  a  hard  or  alkaline  water. 
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F.    For  correcting  the  water  with  soap. 

(a)  Fill  a  quart  bottle  exactly  half  full  with  the  water. 

(b)  Make  up  several  lots  of  Test  Solution  No.  3,  which  is 
a  solution  of  soap  20  grains  in  a  tablespoonful  of  soft  water 
(either  rain  water  or  water  previously  softened  by  addition 
of  lye). 

(c)  Add  one  lot  of  Test  Solution  No.  3  to  the  pint  of  water; 
shake  thoroughly  and  note  whether  a  foamy  lather  results  which 
is  i)ernianent  for  fi\e  minutes.  It  the  water  is  ^■ery  hard  or 
alkaline  a  curdy  lather  is  formed  wliicii  is  confusing.  To  re- 
move this,  filter  or  strain  the  water  through  a  wet  ])iece  of  cotton 
flannel  cloth,  or  canvas,  and  shake  again  to  note  whether  a  per- 
manent foamy  lather  is  formed. 

(d )  If  not,  repeat  (c)  in  every  particular  until  such  a  lather 
results  as  is  described  in  (c). 

To  correct  each  500  gallons  of  water  will  recjuire  12  pounds 
of  soap  for  each  lot  of  Test  Solution  No.  3  that  was  used  for 
one  pint  of  water.  The  soap  should  be  dissobcd  b\-  boiling  in 
one  gallon  of  soft  water  to  each  pound  of  soap,  and  the  solution 
of  the  soaj)  very  thoroughly  stirred  into  the  water.  More  stirring 
is  needed  t(j  mix  the  soap  thoroughly  with  the  water  than  for 
the  other  chemicals.  The  curdy  mass  floating  on  the  surface  of 
the  water  after  the  al)0\e  treatment  can  be  largelx'  remoxed  by 
skimming.  'Ibis  should  ]>v  done  before  adding  the  dip  to  the 
water.  If  rain  water  is  not  a\ailable,  the  water  in  which  the 
soap  is  dissolved  should  have  added  to  it  sunicient  lye  and  soda 
to  soften  it.  For  this  jturpose  add  aboiU  3()  grains  of  lye  and 
IK)  grains  soda  ash  to  each  gallon  of  water.  This  procediu'c  can 
be  omitted,  but  a  much  better  solution  of  the  soa])  resulls  if  it  is 
l)cjssil)le  to  sf)ften  the  water  as  suggested. 

I  Ik-  foregoing  des(ri])tion  of  nuiboils  tor  corrrcting  hard 
or  alkaline  water  is  written  on  the  sui)i)osition  ilial  no  acciu-ate 
chemical  analysis  of  the  water  has  been  made.  If  an  analysis 
of  the  water  is  available,  more  specific  directions  can  Ik-  gixc-n 
without  making  the  tests  described  above.  In  this  casi-  proceed 
as  follows  : 

For  each  grain  per  gallon  ot  caliinni  carliouak-  pii-st-nl,  use 
j/j  grain  of  linu-  or  I  3  grain  of  lye  or  s  grains  of  soap  i)er 
gallon. 
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For  eacli  grain  per  gallon  of  magnesium  carbonate,  use  2/3 
grain  of  lime  or  Y^  grain  of  lye  or  8  grains  of  soap  per  gallon. 

For  each  grain  per  gallon  of  calcium  and  magnesium  sul- 
phates use  lYi  grains  of  soda  ash  or  4  grains  of  crystallized  sal 
soda  or  G  grains  of  soap  per  gallon. 

If  magnesium  sulphate  (Epsom  salt)  and  sodium  sulphate 
(Glauber  salt)  are  present  in  an  alkali  water  to  exceed  60  grains 
per  gallon  use  2/3  grain  of  lime  or  lye  per  gallon  for  each  grain 
of  these  salts  present.  For  smaller  quantities  use  sal  soda  or 
soda  ash  or  soap  as  previously  directed. 

Note:  If  the  analysis  is  given  in  parts  per  million  divide  by 
17  to  reduce  to  grains  per  U.  S.  gallon. 

In  every  case  where  lime  is  used  for  correcting  a  water, 
follow  it  with  the  addition  of  1/5  grain  of  soda  ash  or  ^  grain 
sal  soda  for  each  grain  of  lime  used,  in  order  to  remove  any 
soluble  lime  compounds  remaining  in  the  water. 

When  it  is  impracticable  or  inconvenient  to  apply  the  tests 
suggested  in  the  foregoing  directions,  almost  any  water  supply 
can  be  corrected  by  the  following  treatment :  For  each  500  gal- 
lons of  water  to  be  used,  dissolve  2  pounds  each  of  lye  and  soda 
ash  (or  5  pounds  sal  soda)  in  2  gallons  of  hot  water,  and  stir 
this  solution  thoroughly  with  the  water  in  the  vat.  Allow  at 
least  1  hour  for  the  chemicals  to  act  before  adding  the  dip.  To 
insure  a  proper  mixture  of  the  dip  it  should  be  mixed  with  an 
equal  quantity  of  the  water  before  being  poured  into  the  vat.  The 
reason  for  this  is,  that  if  the  undiluted  dip.  is  poured  into  a  large 
quantity  of  water,  there  is  a  tendency  for  it  to  carry  to  the 
bottom.  It  is  then  difficult  to  obtain  a  satisfactory  solution 
unless  there  are  exceptionally  good  facilities  for  stirring  the 
entire  contents  of  the  vat. 

Almost  every  ingredient  commonly  found  in  water  can  be  re- 
moved by  one  of  the  methods  described  above.  Waters  which 
have  had  their  foreign  ingredients  removed  by  the  foregoing 
treatments  are  corrected  for  practically  every  purpose,  since  the 
methods  descrilied  are  designed  to  eliminate  these  substances  as 
completely  as  the  best  "boiler  compound"'  will  do  it.  No  more 
efficient  substances  than  those  described  are  available  for  re- 
moving the  scale-forming  ingredients  of  water  or  to  improve  it 
for  washing  purposes,  and  for  diluting  dips  and  disinfectants. 
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DURATION  OF  IMMUNITY  FOLLOWING  SMALL- 
POX  VACCINATION.* 

A.  W.  Lescoiiier,  M.  D.,  Detroit. 

(From  the  Research  Laboratory  of  Parke,   Davis  &  Co.,  Detroit,   Mich.) 

A  certain  degree  of  reticence  is  felt  about  recording  observa- 
tions on  the  subject  on  which  so  much  work  has  been  done  and 
with  which  I  have  had  a  relatively  short  experience.  The  collec- 
tion of  the  present  data,  however,  was  prompted,  first,  by  the 
observation  made  in  a  larger  series  of  cases  that  successful  revac- 
cination  after  relatively  short  intervals  is  met  with  surprising 
frequency,  and.  second,  the  variance  of  my  results  with  the  ideas 
commonly  held  by  physicians  with  whom  I  have  come  in  contact. 
In  dealing  with  patients  reporting  for  compulsory  vaccination, 
and  who  have  a  certain  degree  of  antipathy  to  being  inoculated, 
not  infrequently  objections  are  offered  based  on  statements 
alleged  to  have  been  made  by  physicians  by  whom  they  have  been 
previously  vaccinated.  If  the  patient  has  an  unusually  sore  arm 
not  only  he,  but  sometimes  his  physician  as  well,  is  inclined  to 
believe  that  a  permanent  protection  has  been  conferred. 

I  was  directly  prompted  to  report  my  observations  by  an 
editorial  appearing  in  American  Medicine,  in  February  of  this 
year,  and  from  which  the  following  quotation  is  made :  "It  is 
almost  a  rule  for  revaccination  to  be  unsuccessful,  and  there  are 
no  cases  of  small-pox  on  record  in  which  there  is  a  history  of 
proper  vaccination  and  revaccination  which  have  undoubtedly 
been  successful."  A  little  further  on  the  editor  refers  to  certain 
statistics  published  by  Dr.  Kitasato  of  the  Imperial  Institute  of 
Tokio  and  said :  "He  estimated  that  immunity  was  practically 
gone  ten  years  after  vaccination.  These  figures  cannot  be  accepted 
for  a  moment.  The  error  was  doubtless  due  to  mistaking  an 
inflammation  from  pus  organisms  as  an  evidence  of  successful 
vaccination.  The  British  Royal  Commission  states  that  immunity 
generally  lasts  for  nine  or  ten  years,  but  it  is  justifiable  to  con- 
clude that  the  evidence  on  which  this  opinion  was  based  was  also 


*Read  in  the  Section  on  Preventive  Medicine  and  Public  Health  of  the  .\merican 
Medical  Association,  at  the  Sixty-I"'ourth  Annual  Session  held  at  Minneapolis,  June, 
1913. 
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defective  from  the  inclusion  of  spurious  cases.  Proper  vaccina- 
tion is  far  more  effective  than  this,  and  we  revaccinate  entirely 
too  often."  From  these  quotations  it  is  evident  that  the  editorial 
writer  believes  immunity  from  vaccination  to  be  practically  per- 
manent in  most  cases. 

Kitasato's  results,  which  were  the  object  of  this  criticism,  were 
based  on  a  series  of  931  revaccinations.  He  obtained  successful 
revaccinations  approximately  as  follows: 

After  1  year    14  per  cent.  After    6  years  64  per  cent. 

After  2  years  33  per  cent.  After    7  years  73  per  cent. 

After  3  years  47  per  cent.  After    8  years  80  per  cent. 

After  4  years  57  per  cent.  After    9  years  85  per  cent. 

After  5  years  51  per  cent.  After  10  years  89  per  CL-nt. 

Millard^  states  that  the  government  report  of  the  Cierman 
Confederacy  shows  from  !)1  per  cent,  to  93  per  cent,  successful 
revaccinations  after  ten  years  from  the  primary,  and  concludes 
with  the  statement  that  "immunity  acquired  through  vaccination 
begins  to  disappear  from  the  second  year,  and  1)\-  the  tenth 
year  it  disa])pears  almost  completely." 

These  dift'erent  opinions  are  mentioned  simply  as  illustrating 
the  decided  variance  of  ideas  in  regard  to  this  question.  It  would 
seem  as  though  the  subject  were  worth  more  than  a  passing  con- 
sideration, both  because  of  its  relation  to  public  health  and  be- 
cause of  its  bearing  on  the  antivaccinalion  movement.  It  can 
scarcely  be  questioned  that  systematic  rc\accinalion  is  almost  as 
important  as  the  initial  inoculation,  and  that  modern  methods  of 
small-po.\  ])revention  must  take  this  into  account.  A  system  of 
infantile  \accinalion  which  is  not  followed  up  ])\-  rc\  accinatii  >n 
is  only  a  half  measiu'e,  and  li.ilf  measures  often  do  a  great  deal 
of  harm,  because  they  create  a  false  sense  of  security.  I'luHher- 
more,  if  a  vaccinated  person,  whose  ininuniit\  has  lapsed,  con- 
tracts the  disease,  it  creates  a  bad  effect  on  the  eoinnnmity  in 
which  he  li\es,  a  distrust  in  the  ellicacy  of  \accin;ition  as  a  ])re- 
venti\e  measiU'e. 

The  liliratiui-  shows  a  surprising  dearth  of  data  on  duration 
of  innnunilv,  presmnably  due  to  the  dillicidty  of  obtaining  detinite 
histf^ries  on  cases  re])()rting  for  re\aceination.  and  to  the  tact 
that  re\  accinatioii  is  not  carried  out  in  a  systematic  way.  As  a 
general  rule,   re\accinatitjn,  and   in   a   great   many   sections    it   is 
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unfortunately  true  of  primary  vaccinations  as  well,  is  performed 
only  in  the  event  of  a  small-pox  scare  and  under  circumstances 
which  are  not  favorable  to  the  collection  of  statistics. 

In  the  present  series  we  had  a  total  of  over  five  hundred  cases, 
sixty-six  of  these  being  primary.  In  only  two  hundred  and  fifty- 
one  of  the  secondaries  were  we  able  to  get  a  history  as  to  previous 
vaccination.  It  may  be  mentioned  that  in  considering  the  periods 
since  previous  vaccination  no  recognition  was  given  to  negative 
inoculations,  the  history  being  taken  from  the  last  successful  vac- 
cination. 
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Fig.  1. — Chart  showing  results  of  secondary  vaccinations.  Total  number  vac- 
cinated, .317.  Primary  cases  vaccinated,  60.  Secondary  cases  vaccinated,  251.  Per 
cent,  of  takes  in  primary  cases,  97.  Per  cent,  of  takes  in  secondary  cases,  58.  Star 
(Footnote  *)  indicates  primary  vaccinations.  Following  figures  indicate  lapse  of 
years  since  a  successful   vaccination. 

RESULTS  OF  REVACCINATION  OBTAINED  IN  THESE  CASES 
WERE  AS  FOLLOWS : 

INTERVAL  IN  YEARS  SINCE 

LAST  VACCINATION 
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With  the  exception  of  the  patients  vaccinated  after  the  first 
year  our  results  accord  fairly  well  with  those  reported  by 
Kitasato. 

It  is  highly  improbable  that  in  the  larger  series  of  cases  we 
would  have  as  high  as  28  per  cent,  "takes"  in  patients  who  had 
been  successfully  vaccinated  the  year  previous.  This  has  been 
regarded  as  being  more  or  less  of  a  coincidence,  but  the  fact  that 
revaccination  is  frequently  successful  after  inter\als  of  from  one 
to  three  years  is  in  itself  significant,  and  indicates  the  ad\isability 
of  the  physician  being  somewhat  guarded  in  statements  made  as 
to  the  duration  of  immtmitv,  and  points  to  the  im])ortance  of 
systematic  revaccination. 

The  question  arises  as  to  whether  ^ome  of  the  cases  included 
in  this  series  and  classed  as  sticcessful  vaccinations  nfight  have 
been  spurious  ones,  as  has  been  suggested  in  the  editorial  above 
referred  to,  pyogenic  infections  being  mistaken  for  successful  in- 
oculations. This  hardly  seems  probable  as  there  is  usually  no 
great  amount  of  difficulty  in  differentiating  between  a  pyogenic 
infection  and  a  vaccine  pustule,  and  I  believe  that  1  have  been 
reasonably  careful  in  drawing  conclusions. 

It  must  be  freely  admitted  that  the  successful  \accination  of 
these  patients  is  by  no  means  evidence  that  they  wnuld  have  been 
susceptible  to  natural  small-]:)ox.  It  is  reasonable  [<>  ^upi)ose  that 
a  higher  degree  of  inintunit\-  would  be  re<|uired  to  resist  the  direct 
inoculation  than  would  be  necessary  to  protect  the  jjatient  against 
infection  in  the  usual  way.  Furthermore,  clinical  experience  has 
demonstrated  that  SNstematic  re\  accination  e\  en  al  intervals  of 
ten  years  is  very  eHniciii  in  jjrolecting  a  country  or  community 
against  small-i)ox.  In  (  icrmany  revaccination  is  carried  out  in 
the  ele\eiUh  year,  while  sniall-pox  is  \ery  rare;  llie  same  is  true 
of  Ja])an,  and  it  is  a  imiversal  experience  that  small-i)()X  in  indi- 
viduals who  have  been  successfullv  xaccinattd  within  fi\e  or  six 
years  is  decidedly  unusual.  In  this  coimectiKn,  i\ing  reports,  in 
tlie  Lancet  nf  .Mav  17,  liOiJ,  some  interesting  data  based  on 
observations  niadi-  on  .Asiatics  (.'^hans.  lUirmesr  and  ("hinese). 
In  a  grou])  ol'  .'!s'i  adults  who  had  bet'U  Naccinalrd  whi'U  nmler 
lo  years  of  age  ">.<i  per  cent.,  and  in  a  group  of  ninei\  four  who 
had  been  inoculated  above  that  age,  ;!.".'  pi'r  c(.nl.,  had  ])vvu  at- 
tacked by  small-pox  in  later  life.     In  a  series  of  ;il"-'  palirnts  who 
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had  been  inoculated  under  fifteen  years,  vaccination  resulted  suc- 
cessfully in  80.3  per  cent,  and  in  twenty-two  with  a  history  of 
having  been  previously  vaccinated  after  their  fifteenth  year.  Sl.H 
j)er  cent,  resulted  in  "takes."  In  ninety-six  adults,  who  had  suf- 
fered from  natural  smallpox  at  various  ages,  and  who  were  freely 
marked,  T-")  per  cent,  were  successfully  vaccinated. 
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Fig.  2. — Comparison  with  Kitasato's  results.  The  results  in  the  present  series 
are  indicated  l)y  solid  line  and  starred  figures.  Kitasato's  results  are  indicated  by 
dotted   line   aiid   figures  preceded  by  K. 

It  can  scarcely  be  douljted  tliat  our  present  system  of  vaccina- 
tion is  not  sufficiently  rigid,  and  that  a  single  successful  \acci- 
nation  c(jnfers  a  false  sense  of  security,  not  only  on  the  patient, 
but  in  mam-  instances  on  the  physician  as  well.  The  disease  has 
been  widely  disseminated  during  the  last  year  or  so,  and  the  indi- 
cations are  that  the  country  as  a  whole  is  far  from  being  well 
])rotected.  In  view  of  the  general  apathy  of  the  medical  profes- 
sion toward  vaccination  this  is  not  especially  surprising.  While 
the  great  bulk  of  medical  practitioners  undoubtedly  believe  in 
vaccination,  it  is  in  many  instances  aft'orded  only  a  half-hearted 
support,  and  is  rarely  urged  by  the  family  physician,  excepting 
in  the  presence  of  an  epidemic  of  the  disease,  or  in  the  case  of 
direct  exposure.  Even  in  large  cities  one  is  surprised  to  learn  of 
the  large  number  of  people  who  had  never  l)een  \accinated,  and 
in  small  towns  and  country  sections  vaccination  is  even  more 
neglected.     The  majority  of  those  from  rural  districts  who  have 
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reported  to  me  have  never  been  vaccinated,  or  even  been 
approached  on  the  subject.  These  phases  of  the  question,  of 
course,  have  nothing  to  do  with  the  present  subject,  and  are 
merely  mentioned  in  passing  as  being,  with  the  transient  immun- 
ity, factors  which  contribute  to  the  prevalence  of  small-pox  in 
the  United  States. 


ABSTRACT  OF  DISCUSSION. 

Dr.  C.  N.  Hensel,  St.  Paul,  Minn. :  I  have  examined  about  a  thou- 
sand cases  of  small-pox  in  my  work  in  the  St.  Paul  Health  Department. 
Of  this  number,  but  four  patients  had  been  previously  successfully  vac- 
cinated and  showed  a  definite,  typical  scar.  In  these  four  cases  the 
greatest  interval  from  the  last  successful  vaccination  to  the  contraction 
of  small-po.x  was  twenty-seven  years;  the  sliortest  interval  was  twenty 
years,  the  intervals  in  the  two  remaining  cases  l^eing  twenty-si.x  and 
twenty-four  years,  respectively.  To  find  but  four  cases  in  a  series  of  a 
thousand  contracting  small-po.x  after  previous  successful  vaccination,  and 
to  find  the  period  of  immunity  ranging  from  twenty  to  twenty-seven 
years,  naturally  leads  to  the  conclusion  that  the  protection  afforded  In- 
successful  vaccination  lasts  longer  than  shown  by  the  records  of  Dr. 
Lescohier.  This  conclusion  might  be  changed  by  observation  on  a  much 
larger  series  of  cases,  and  we  might  find  a  mucli  shorter  interval  between 
successful  vaccination  and  the  contraction  of  small-po.x.  I  wish  to  men- 
tion an  interesting  case  in  which  small-pox  developed  a  second  time  in  a 
person  who  had  previously  had  the  disease.  The  patient,  a  boy,  aged 
9,  when  six  months  old,  contracted  a  severe  attack  of  small-pox  from  his 
mother.  The  mother  gave  a  clear  and  definite  history  of  this  illness. 
Eight  and  a  half  years  later  the  boy  was  cxjiosed  to  small-pox  a  second 
time  and  contracted  the  disease.  I  saw  liim  during  convalescence  from 
the  second  attack,  with  the  unmistakable  signs  i>f  small-pox — the  dying 
lesions  on  his  body  and  tlu-  hard,  brown  scabs  beneatli  the  skin  of  his 
palms.  The  second  attack  was  mild,  and  there  were  but  ten  or  fifteen 
lesions  on  the  entire  liody.  I  mention  this  case  to  add  it  to  the  few 
previously  recorded  where  a  per.son  has  developed  small-pox  a  second 
time.  ']"he  second  attacks  of  small-pox,  as  a  rule,  develop  many  years 
after  the  initial  attack.  This  case  seems  unique,  in  tlnit  the  patient  de- 
veloiH'd  the  second  attack  so  comparatively  soon  after  tlie  first  illness. 

Dk.  \'.  C.  V'aughan,  Jr.,  Detroit:  .At  one  time  we  were  unfortunate 
enough  to  have  a  mild  ci)i(lemic  of  small-pox  in  the  engineering  depart- 
ment of  the  University  of  Michigan;  in  fact,  it  was  so  mild  that  it  was 
not  ascertained  imtil  we  found  one  of  the  students  i)icking  off  some  scales, 
and  on  subse(|uent  examination  foinid  that  he  had  been  afTlicled  with 
small-pox.  We  went  through  that  (lei)artmeiit  and  found  that  cvtry  un- 
vaccinated   |)erson   had   had    smalI-i)ox   in   tliis   very    mild    lOnn.      Another 
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thing  about  which  I  wish  to  speak  is  the  work  which  has  been  done  in 
connection  with  revaccinations  and  the  character  of  the  reaction  which 
we  obtained  in  revaccination.  I  understand — although  Dr.  Lescohier's 
experience  is  much  greater  than  mine  with  reference  to  this  matter — 
that  it  is  seldom  that  we  get  the  typical  reaction  which  we  obtain  in  the 
original  primary  vaccination.  Von  Pirquet  has  done  a  great  deal  of 
work  on  accelerated  vaccinations  and  he  has  shown  that  revaccination  may 
be  accomplished — may  actually  represent  a  true  vaccination — and  still  not 
be  noticed  by  the  attending  physician,  who  is  looking  for  the  development 
of  the  typical  lesion.  According  to  the  theory  of  sensitization  advanced 
by  Dr.  X'aughan.  the  vaccine  body  causes  a  reaction  in  the  body  of  the 
person  that  leads  to  the  production  of  a  ferment,  which  subsequently 
causes  cleavage  of  the  vaccine  body.  This  same  ferment,  of  course,  causes 
cleavage  of  the  small-pox  organism  when  it  gains  entrance  to  the  l^ody, 
and  in  that  manner  renders  the  patient  immune.  If  such  a  person  is  re- 
vaccinated,  if  there  is  a  large  amount  of  ferment  present  the  vaccine  virus 
is  attacked  immediately,  before  it  has  had  time  to  grow  and  multiply,  and 
we  have  no  reaction.  If  a  certain  amount  of  ferment  is  present,  but  not 
sufficient  to  attack  it  at  once,  then  we  have  a  mild,  but  an  accelerated, 
reaction.  I  think  physicians  usually  vaccinate  themselves  every  time  they 
see  a  case  of  small-pox.  I  certainly  do,  and  I  have  had  a  take  only  once, 
but  on  several  occasions  I  have  had  a  notable  reddening  and  itching  there. 
I  have  said — and  other  physicians  have  made  the  same  statement — that  I 
would  think  it  were  a  take,  unless  it  had  come  on  too  early  and  subsided 
too  rapidly.  It  really  is  one  of  these  accelerated  von  Pirquet  reactions, 
which  may  be  used  as  a  judge  of  the  amount  of  immunity  to  the  vaccine 
bodies. 

Dr.  C.  a.  H.\rper,  Madison,  Wis. :  As  a  field  man,  I  think  my  ob- 
servations have  strongly  confirmed  the  results  observed  by  Dr.  Hensel 
and  Dr.  Vaughan.  I  have  made  personal  observations  of  about  eight 
hundred  cases  of  small-pox,  and  only  about  two  patients  really  had  what 
we  would  call  typical  vaccination  scars.  All  the  others  were  either  un- 
vaccinated,  or  a  few  had  scars  which  would  be  similar  to  a  scar  of  infec- 
tion, and  not  a  typical  vaccination  scar.  I  believe  that  the  appearance  of 
small-pox  in  the  field,  after  one  successful  vaccination — with  the  character 
of  small-pox,  particularly,  that  we  have  been  having  in  this  country — is 
an  extremely  rare  occurrence.  I  am  of  the  opinion  that  a  revaccination 
will  work  much  more  frequently  than  attacks  of  small-pox  in  an  individual 
who  has  been  successfully  vaccinated.  I  was  vaccinated  when  a  child, 
then  I  went  into  a  line  of  work  where  I  was  to  be  frequently  exposed  to 
small-pox.  I  was  vaccinated  every  year  for  a  period  of  eight  years. 
Each  one  of  those  years  I  was  exposed  to  small-pox  from  fifty  to  two 
hundred  times.  In  the  eighth  year  the  second  vaccination  took,  but  I 
have  not  had  small-pox.  I  feel  that  the  degree  of  immunity,  with  the 
small-pox  that  we  find  to-day — mild  in  character  as  it  is — is  almost  ab- 
solute, after  we  have  what  we  call  a  typical  vaccination  scar  implanted 
on  the  l)ody  of  the  individual. 
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Dr.  p.  M.  Hall,  Minneapolis:  I  wish  to  confirm  what  Dr.  Harper 
has  said.  Having  been  in  field  work  during  the  past  twelve  years,  and 
having  seen  probably  about  five  thousand  cases  of  small-pox,  it  has  been 
my  general  observation  that  we  do  not  see  small-pox  in  those  who  show 
a  typical  vaccinal  scar.  I  will  go  further  than  that.  I  never  saw  a  deatli 
from  small-pox — and  have  seen  some  cases  of  very  virulent  type — in  a 
person  who  gave  a  history  of  ever  having  been  vaccinated.  With  ref- 
erence to  the  question  of  immunity,  one  peculiar  case  arose  which  I  have 
never  seen  duplicated,  showing  the  beneficial  eflfects  of  vaccination  after 
a  definite  exposure.  The  father  of  a  family  was  removed  on  Sunday  with 
definite  small-pox,  almost  in  the  pustular  stage,  leaving  behind  a  wife — 
pregnant  and  soon  to  be  delivered — and  two  children,  the  wife  and  chil- 
dren never  having  been  vaccinated.  They  were  vaccinated  immediately ; 
the  vaccinations  took,  the  husband  and  father  being  removed  the  same 
day.  Exactly  two  weeks  from  that  date  (the  father  still  being  away) 
the  woman  was  confined,  liaving  a  successful,  working  vaccination  on  her 
arm.     Her  baby  took  small-pox  four  days  afterward  and  died. 

Dr.  C.  Hampson  Jones,  Baltimore:  My  practical  experience,  and 
what  I  have  read  on  the  subject,  has  caused  me  to  advocate  that  every 
one  should  be  revaccinated  at  least  once  in  ten  years.  I  have  had  to  deal 
with  several  outbreaks  of  small-pox— in  1899,  1901,  1905-6,  and  in  1912-13 
— not  one  of  them  with  many  cases,  but  all  requiring  a  great  deal  of  ac- 
tivity on  our  part  to  lessen  the  number  of  cases.  With  the  exception  of 
one  man  in  1899,  in  none  of  these  outbreaks  were  there  cases  of  small- 
pox in  those  who  had  been  previously  vaccinated,  so  far  as  the  evidence 
of  the  vaccination  scar  showed.  In  the  last  outbreak,  which  liegan  on 
Nov.  11,  1912,  and  the  last  case  was  on  Marcli  1,  191,?.  tlu-n.'  were  fifty- 
seven  cases  of  small-pox,  and  not  one  of  those  patients  liad  ever  been 
previously  vaccinated — there  certainly  was  no  scar.  On  the  other  hand, 
every  one  who  had  been  successfully  vaccinated  and  whom  we  knew  to 
have  been  exposed  to  small-pox  escaped.  1  am  inclined  to  believe  that  we 
need  careful  and  lengthy  investigation  to  give  us  some  idea  as  to  the 
length  of  time  that  vaccination  gives  us  protection.  According  to  the 
number  of  removes  fnjm  the  original  inoculation  of  tlie  small-pox  into 
the  cow,  the  experimental  evidence  will  show  how  each  one  will  vary  in 
the  length  of  time  of  protection  given  to  the  unvaccinated  individual.  I 
also  think  that  there  undoubtedly  is  a  great  deal  in  the  length  of  time 
that  an  unvaccinated  and  a  vaccinated  person  are  exposed  to  small-pox. 
I-'or  example:  We  segregate  those— particularly  among  the  negroes — 
who  have  been  expo.scd  to  small-pox  and  were  nut  previously  vaccinated. 
It  happens,  over  and  over  again,  tliat  ihosr  who  b:i\c  \)vvu  exposed  to 
small-pox  for  the  first  twenty-four  or  forty-ei.uiil  hours  of  the  erui)lion 
do  not  contract  the  <liscase.  On  the  other  hand,  if  there  has  been  three, 
four  or  five  days'  exposure,  it  is  quite  certain  th;it  those  who  have  been 
exposed  will  be  stricken  with  small-pox. 

Dr.  Harold  15.  Wood.  Rochester,  Minn.:  It  might  be  will  to  correct 
an  impression   that   seems   to  be  cintil.itcd   throughout   the   I'liited  .States, 
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that  is,  that  Minnesota  had  stopped  quarantining  for  small-pox  a  few 
years  ago.  We  have  had  a  number  of  letters  asking  how  small-pox  is 
controlled  in  this  State.  People  have  an  erroneous  impression  that  noth- 
ing whatever  is  done  to  segregate  tlie  people  having  small-pox.  The 
people  are  not  quarantined  as  the  word  is  popularly  understood  in  the 
East  and  South,  but  the  people  who  have  small-pox  and  who  have  not 
been  vaccinated  previous  to  one  week  before  the  exposure  are  actually 
quarantined  within  the  household  and  the  house  is  placarded.  Compulsory 
vaccination  is  not  legal  here,  but  those  who  are  exposed  are  given  the 
option  of  vaccination  within  three  days  after  exposure  or  of  being  quar- 
antined three  weeks.  Where  this  quarantine  with  placarding  has  been 
carried  out,  there  have  been  no  return  cases,  so  far  as  my  records  show. 
There  has  also  been  a  marked  decrease  of  small-pox  in  the  State  since 
the  inauguration  of  the  system.  The  disease,  which  has  been  epidemic 
throughout  the  country,  has  been  carried  on  by  cases  which  have  not  been 
discovered  and  are,  in  nearly  all  instances,  extremely  light  cases.  Some 
physicians  and  the  majority  of  people  do  not  realize  that  some  of  the 
extremely  mild  infections,  where  the  vesicles  are  about  one-tenth  the 
diameter  of  the  ordinary  small-pox  pustule,  may  be  highly  infectious. 
We  have  evidence  that  severe  cases  have  been  transmitted  from  extremely 
mild  ones  in  which  there  are  no  pustules  or  scar  formation. 

Dr.  Guy  L.  Kiefer,  Detroit :  There  is  a  practical  suggestion  in  the 
paper  of  Dr.  Lescohier,  urging  us — by  us  I  mean  practical  health  officials 
— to  require  vaccinations  in  all  cases  of  exposure  more  frequently  than 
we  have  done  in  the  past.  My  experience  corroborates  that  of  the  field 
men,  as  they  call  themselves,  who  have  spoken,  and  shows  that  immunity 
against  small-pox,  following  vaccination,  lasts  apparently  much  longer 
than  the  immunity  against  a  reinoculation  with  vaccine  virus,  and  yet  there 
are  patients  who  are  taken  sick  in  less  time  than  some  of  us  suppose.  For 
example,  the  first  series  of  cases  that  I  compiled  was  about  eleven  years 
ago,  when  we  had  an  outbreak  of  mild  small-pox,  consisting  of  1,023  cases, 
and  of  these,  862  patients  had  never  been  vaccinated  successfully;  129  had 
been  vaccinated,  but  in  each  case  the  period  had  been  longer  than  five 
years,  and  in  most  of  them  longer  than  ten  years;  only  32  had  been  suc- 
cessfully vaccinated  within  a  period  of  five  years  or  a  shorter  time,  ac- 
cording to  their  own  testimony.  We  find,  from  the  experiments  given  in 
Dr.  Lescohier's  paper,  and  from  those  he  quoted,  that  about  50  per  cent. 
of  the  persons  will  be  susceptible  to  a  second  vaccination.  It  seems  to  me 
a  practical  suggestion  that  we  might,  in  all  cases  of  exposure,  require  the 
vaccination  of  all  people  who  have  not  been  successfully  vaccinated  within 
five  years,  and  then,  according  to  experiments,  in  at  least  half  of  them 
the  vaccination  will  "take"  and  it  will  satisfy  the  community — it  certainly 
will  not  do  any  harm — and  it  will  be  the  limit  of  protection. 

Dr.  a.  W.  Lescohier,  Detroit :  I  sincerely  hope  my  paper  did  not 
carry  the  impression  that  I  believed  that  persons  who  are  successfully 
revaccinated  after  one  or  two  years  would  be  susceptible  to  small-pox.  I 
think  the  evidence,  not  only  in  tiiis  countrv,  but  all  over  the  world,  shows 
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that  cases  of  small-pox  in  which  there  is  a  history  of  successful  vac- 
cination, even  if  ten  or  twelve  years  have  elapsed,  are  rare.  This  is  shown 
in  Germany  and  Japan,  where  systematic  revaccination  is  carried  out  in 
the  eleventh  year.  The  object  in  presenting  these  statistics  was  to  indicate 
the  advisability  of  a  systematic  revaccination,  rather  than  to  throw  any 
discredit  on  vaccination  as  at  present  carried  out — that  is,  infantile  vac- 
cination not  followed  up  by  revaccination.  We  cannot  but  believe  that 
vaccination,  even  if  only  carried  out  in  infancy,  is  the  most  effective  means 
w-hich  we  have  in  stamping  out  small-pox,  but  if  it  can  be  followed  up 
after  a  reasonable  number  of  years  by  reinoculation,  the  chances  of  com- 
pletely controlling  the  disease  will  1)c  much  better. 
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ON  CRYSTALLINE  KOMBE-STROPHANTHIN. 

D.  H.  Brauxs,  Ph.D.,  and  O.  E.  Closson,  Pii.B., 
Detroit,  IMicii. 

From  the  Research  Laboratory  of  Parke,  Davis  S:  Co.,  Detroit,  Mich. 

Commercial  Strophanthus  Kombe  seed  has  frequently  been 
found  to  contain  seeds  of  different  Strophanthus  species.  ]Mr. 
E.  M.  Holmes,  F.  L.  S.,  the  curator  of  the  museum  of  the 
Pharmaceutical  Society  of  London,  observes  •}  "The  Strophanthus 
leaves  on  the  table  were  presented  to  the  society's  Herbarium 
some  months  ago  by  Air.  Lindsay,  the  curator  of  the  Edinburgh 
Botanical  Garden.  They  had  been  grown  from  some  of  the  seed, 
used  by  Professor  Eraser,  apparently  the  greenish-brown  kind. 
These  leaves  dift'ered  considerably  from  those  specimens  of 
Strophanthus  Kombe  in  the  Kew  Herbarium,  so  that  it  appeared 
they  were  derived  from  a  hairy  leaved  species,  resembling  Stro- 
phanthus hispidus,  but  not  identical  with  it." 

Twenty-two  Kg.  Strophanthus  Kombe  fruit  (seed  in  pods)  in 
very  good  condition  were  identified  by  Mr.  Holmes,  of  London, 
as  true  Strophanthus  Kombe  Oliv.  seeds.  This  statement  is  of 
great  value,  as  there  are  more  than  twenty-nine  species  of 
Strophanthus-.  The  chemistry  of  Strophanthus  seed  Kombe,  and 
in  particular  that  of  strophanthin,  is  in  an  uncertain  state,  due 
possibly  to  the  fact  that  the  strophanthin  under  examination  was 
prepared  from  seeds  other  than  the  Kombe  species,  but  generally 
to  other  causes,  as  will  be  shown.  Commercial  strophanthins 
vary  considerably  in  their  chemical  reaction  as  well  as  their 
physiological  activity. 

To  clear  up  these  uncertainties  and  to  determine  whether  a 
strophanthin  of  constant  chemical,  physical  and  physiological 
properties  can  be  prepared,  is  the  object  of  the  experiments 
described  in  this  paper.  It  includes  also  a  summary  of  the 
most  interesting  work  done  on  strophanthin  and  the  methods  for 


^The  Pharmaceutical  Journal  and  Trans.,    1SS7,   17,   p.    754  and   p.   755,  also   1SS9, 
20,   p.   335. 

^Holmes,  The  Pharmac.   Journal   and  Trans.,    1S93,  23,  p.  SOS  and   p.  927. 
Hartwich,  Archiv.   der  Pharm.,  1S92,  230,  p.  401. 
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its  preparation  used  by  the  ditterent  investigators  with  an  account 
of  the  origin  and  characteristics  of  the  seed  used.  A  complete 
list  of  the  chemical  literature  on  Kombe-strophanthin  (including 
gratus-strophanthin  or  ouabain"'  and  hispidus  strophanthin)  is 
given  at  the  end  of  the  communication. 

Frascr*  was  the  first  investigator  to  obtain  an  active  principle 
which  he  called  strophanthin  from  Strophanthus  seed. 

Some  of  the  seeds,  which  Fraser  used,  were  of  a  species 
resembling  Strophanthus  hispidus,  but  not  identical  with  it. 

Eraser's  method  for  obtaining  strophanthin  was  changed 
several  times.  The  first  process  on  which  he  based  the  second 
one  is  not  accurately  reported,  as  pointed  out  by  Gerrard'".  The 
first  process  seems  to  have  been  an  extraction  with  alcohol,  and  a 
precipitation  of  the  acli\c  ])riiicip]c  with  ether.  The  second 
process  is  as  follows :  The  ether  precipitate  obtained  in  the  earlier 
process  is  dissolve<l  in  water,  tannic  acid  is  added  and  then 
digested  with  recently  ])recipitated  oxide  of  lead.  The  digested 
material  is  extracted  with  alcoliol  and  the  solution  precipitated  by 
ether.  The  ])recipitate  is  linally  dissolved  in  weak  alcohol  and 
through  this  s(;lution  carbon  dioxide  is  passed  for  sci'cral  hours. 
by  which  means  the  lead  is  completely  removed.  After  filtration, 
the  solution  is  evaporated  at  a  low  tcmjicrature  and  dried  in 
vacuo  over  sulphuric  acid. 

The  third  process  is  the  following:  The  powdered  seeds  were 
extracted  with  sulfuric  ether,  afterwards  with  20  times  their 
weight  of  rectified  spirit.  The  spirit  was  distilled  ofi'.  The 
active  ])rinciple  was  ])rccipitated  by  a  solution  of  tannin   from  a 

The  following  is  a  f|iiotation  from  a  publication  of  Hatcher  and  Hailey:  'The 
clinical  use  of  Strojihanllius"  in  the  Journal  of  the  American  Medical  Association 
<Vol.  .'i.'i,  li)l(),  ]).  l(i!*H):  "Kven  such  closely  related  hodics  as  strophanthin  and 
crystalline  ouabain,  strophanthin,  bciiiK  iiiethyl-ouabain,  show  different  ratios  of  ac- 
tivity by  subcutaneous  and  intravenous  injections  into  the  cat — •."  Uecause  Strophan- 
thin of  the  l'harniaco|)oeia  of  the  U.  S.  is  Konibc  stroi)hanthin,  \vc  are  sr.re  that  the 
strophanthin  Hatcher  and  Hailey  refer  to,  nnist  be  Konibe-slroi>hantliin.  Hut  then 
their  statement  cainiot  be  true.  As  far  as  our  knowledKc  goes  about  ouabain  (or 
Kratus  strophanthin)  this  body  has  the  formula  C'3oH4oOio4-9Hi.O,  and  it  is  hydrolized 
according  to  the  cuuation  : 

(■M.H.nO,o+n;0=C„H,~0,H-C,4H.i„OH. 

("«HijOr,  being  rhamnose  anliydri<le  (Arn.iud,  C'omptes  reiidus  12f!  ClhU.'s),  p.  120H). 
Hy  the  work  of  I'eist,  which  is  confirmed  in  this  work,  wc  know  that  Kombe-strophan- 
Ihin  is  hydroli/ed  to  stroph.-inthidin  of  the  formula  t'LTllnsO;.  Without  saying  more 
about  the  (iropcrlies  of  the  cleavage  product  of  ouabain  (or  Kratusstropli.inthidin )  it 
will  be  clear  that  the  statement  that  "Kombe  strophanthin  is  methyl-oualiain,"  which 
is  to  be  found  in  literature  (Arnaud,  Comptes  rendus  107,  1888,  ]).  171),  also  Kohn  and 
Kulisch    Monatshefle    1!».    1S!)H,   .S.   '.is',),  cannot   be   true. 

♦The  rharmaceutical  Jour,  and  Trans.,  1H7;<,  3,  p.  GS.*},  1887,  18,  p.  09,  1889,  20, 
p.  20n  and  p.  32H. 

'The  Pharmac.  Jour,  and  Trans.,  1887,   17,  p.  92;t. 
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Strong  solution  of  the  extract  in  water;  the  well  washed  tannate 
was  thoroughly  mixed  with  recently  precipitated,  carefully 
washed  and  moist  oxide  of  lead,  which  was  added  in  a  quantity 
calculated  to  be  necessary  for  the  conversion  of  the  tannin  into 
tannate  of  lead ;  the  mixture  was  digested  for  several  days  at  a 
low  temperature,  and  after  it  had  been  dried,  it  was  thoroughly 
exhausted  with  alcohol.  The  alcoholic  solution  was  generally 
evaporated  to  a  syrupy  consistence  and  repeatedly  treated  with 
oxide  of  lead  until  every  trace  of  tannin  had  been  removed.  The 
product  was  now  dissolved  in  dilute  alcohol  and  any  sediment  re- 
moved by  filtration,  and  through  the  clear  and  usually  almost 
colorless  solution  a  gentle  stream  of  well-washed  carbonic  acid 
was  passed  for  two  or  three  days'''  in  order  to  remove  traces  of 
lead.  The  solution  was  then  evaporatd  to  dryness,  and  the  resi- 
due dissolved  in  alcohol  and  filtered.  Ether  was  added  to  the 
filtrate  to  precipitate  the  active  principle.  The  precipitate  was 
dissolved  in  absolute  alcohol,  which  usually  left  a  further  slight 
sediment,  and  the  clear  alcoholic  solution  was  finally  dried  by 
being  placed  in  a  partial  vacuum  over  sulphuric  acid.  Strophan- 
thin  thus  obtained  is  a  colorless  opaque  and  brittle  substance, 
which  under  the  microscope  is  found  to  consist  of  minute 
irregular  crystalline  plates.  Strophanthin  is  intensely  bitter  and 
in  solution  in  water  or  alcohol  is  acid  in  reaction.  It  melts  at  a 
temperature  of  (343°  F.)  173°  C.  It  burns  without  leaving  a 
residue  and  contains  no  nitrogen.  Strophanthin  is  decomposed  by 
dilute  acids  yielding  crystalline  strophanthidin,  and  a  syrup  (ace. 
to  Fraser  glucose),  which  reduces  Fehling's  solution.  The  results 
of  the  combustion  and  its  reaction  with  HoSO^  will  be  given 
later  in  the  table. 

Arnaud.  The  communication  of  Arnand'  is  short  yet  inter- 
esting for  our  purpose;  (a  translation  of  the  chemical  part  is  as 
follows)  :  The  Strophanthus  Kombe  seeds  in  very  good  con- 
dition were  furnished  by  Thomas  Christy,  of  London.  The  fol- 
lowing is  the  method  of  preparation.  The  seeds  pulverized  in 
the  mill  are  extracted,  using  a  reflux  condenser  with  boiling  70% 
alcohol.  After  boiling  some  hours,  the  extraction  is  completed  in 
a  percolator.     The  alcoholic  fluids  are  distilled  on  the  waterbath 


"Compare  the  preceding  process. 
"Comptes  rendus,  1888,  107,  p.  17! 
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to  remove  most  of  the  alcohol,  the  distillation  being  finished  in 
vacuo,  leaving  a  certain  amount  of  fluid.  The  oil  floating  on 
the  top  of  the  cooled  extract  is  separated  and  the  remaining  fluid 
filtered.  A  small  amount  of  a  mixture  of  subacctate  of  lead  and 
finely-powdered  litharge  is  added,  heated  on  the  waterbath  and 
filtered  after  cooling.  The  lead  in  solution  is  eliminated  by 
hydrogensulphide  and  the  clear  fluid  is  concentrated  at  50°  to  a 
thin  extract.  In  twenty-four  hours  strophanthin  will  crystallize 
out.  The  crvstals  are  filtered  off.  keeping  the  temperature  at  50*^. 
If  the  fluid  is  not  too  concentrated,  the  syrup  can  be  separated  by 
filtering  and  by  placing  the  crystals  on  unglazed  porcelain.  The 
crystals  can  be  ])urified  by  recrystallizing  several  times  from 
boiling  water. 

The  vield  of  crystallized  Kombe-strophanthin  is  4.5  gm.  from 
1  Kg.  of  seed,  but  a  part  of  the  strophanthin  is  kept  in  solution 
in  the  syru]).  It  is  ])erhaps  possible  to  recover  this  strophanthin 
by  making  the  tannate. 

Properties.  .Strophanthin  is  a  white  substance,  very  bitter. 
crystallizes  in  IjriUiant  crystals  grouped  around  a  center  of 
micaceous  a])pearance,  resembling  cadmium  iodide  esjiecially 
when  suspended  in  water.  These  crystals  are  very  porous  and 
hold  the  water  back  easily.  Stroijlianthin"*  forms  a  hydrate. 
which  melts  below  I'M)  and  loses  its  walcr  in  \acuuni.  \\\  trying 
to  rccrvstallize  it,  we  find  that  the  substance  has  become  un- 
crystallizable,  but  if  the  substance  is  completely  dehydrated  in 
vacuo,  it  can  be  heated  to  110°  without  alteration. 

Strophanthin  gives  no  residue  when  burned  in  the  air.  It  has 
no  sharj)  melting  point,  but  softens  at  H15  .  losing  its  oi)aqueness 
and  (|uickly  becoming  l)ro\vn.  It  acts  on  ])olarized  light  in 
watery  solution    (concentration  'i.'.V/,  )  \    {a)    l)=-f-30° 

Cold  water  dissolves  strophanthin  shghtl\.  1  i)art  to  b!  parts 
of  water  bS"  C  It  is  readily  soluble  in  alcohol,  it  sejiar-ites  out 
of  alcohol  as  a  resin.  It  is  insoluble  in  sulphuric  ether,  carbon 
disulphidi'  and  petroleum  ether.  Tannic  acid  i)reci])ilates  it  out 
of  water  solution.  .Sirophanlhin  does  not  contain  nitrogen.  (The 
results  of  the  coml)Ustion  will  In-  gi\en  in  the  table.  ) 

Leopold    Kolni    itinl    I'ictor    l\  iiliscli''.      The    seeds    used    by 

•The    follciwiilK  is   iiiliTCMliiK  as    will    Ik-   slmwii    :ilUr«auis. 
•ncrithle  3\,  i>.   .IH,  nnd   Mon.itshcftc   f.    tlutnii-,    l!t.   p.   38'). 
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these  authors  to  prepare  strophanthin  were  examined  by  Hart- 
wich,  who  declared  the  seeds  to  be  identical  with,  or  at  least 
closely  resembling,  the  seeds  used  to  prepare  the  strophanthin 
with  which  Feist  made  his  experiments  and  which  were  said  to  be 
Kombe  seed. 

The  strophanthin  of  Kohn  and  Kulisch  was  compared  with 
die  strophanthin  of  Merck,  which  was  prepared  from  hispidus 
seed.     The  preparations  were  found  to  be  identical. 

The  method  of  preparation  of  Kohn  and  Kulisch  is  the  same 
as  that  of  Arnaud.  The  seeds  were  freed  from  comose  hair  and 
pounded,  extracted  in  a  Soxhlet  apparatus  with  petroleum  ether 
to  remove  the  fatty  oil,  afterwards  dried  and  then  ex- 
tracted with  70%  alcohol.  The  filtered  alcoholic  extracts  were 
precipitated  with  basic  lead  acetate  and  lead  hydroxide  and 
filtered.  The  filtrate  was  treated  with  hydrogen  sulphide  and 
filtered  again.  From  the  filtrate  concentrated  in  vacuo  the  stro- 
phanthin separates  out.  Recrystallization  from  water  proved  to 
l)e  the  best  method  for  purifying  the  product. 

Properties.  Under  the  microscope  the  preparation  shows 
crystalline  structure.  It  is  white,  of  neutral  reaction  and  does 
not  contain  nitrogen.  It  does  not  reduce  Fehling's  solution  in  the 
cold  or  by  heating  and  is  optically  inactive  or  slightly  levorota- 
tory.  Strophanthin  is  very  hygroscopic.  The  water  is  hard  to 
remove  from  strophanthin,  which  melts  at  100°  C.  It  is  not 
easy  to  determine  the  melting  point  of  strophanthin ;  the  mean 
of  several  estimations  for  the  carefully  dried  strophanthin  is 
179°  C.  (The  results  of  combustion,  other  estimations  and 
adopted  formula  of  strophanthin  will  be  compared  later  on  in  a 
table.) 

When  strophanthin  is  boiled  with  diltited  acids  a  new  in- 
soluble crystalline  body  strophanthidin  is  formed  and  the  filtrate 
reduces   F'ehling's   solution. 

Melting  point,  etc.  (see  table).  The  method  of  preparation 
of  strophanthidin  is  as  follows ;  10  gm.  strophanthin  Avere  dis- 
solved in  200  cc.  water  and  heated  with  20  cc.  HCl  of  spec.  grav. 
1.12  in  a  large  flask  with  reflux  condenser.  When  the  fluid  starts 
to  boil  the  impure  strophanthidin  separates  in  fine  yellow  flakes. 
After  heating  fifteen  minutes  the  fluid  is  cooled  and  filtered. 
The  strophanthidin  is  washed  until  the  acid  reaction  disappears 
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and  is  recrystallized  several  times  from  hot  alcohol.  The  final 
product  appears  in  the  form  of  fine  white  silky  needles.  Strophan- 
thidin cannot  be  dried  at  100°,  as  it  is  decomposed  at  this  tem- 
perature. 

Kohn  and  Kulisch  also  prepared  strophanthidin  by  the  method 
which  Hardy  and  Gallois^**  used  to  prepare  their  "Strc)i)hanthin." 
The  seeds  were  extracted  with  hydrochloric  acid  containing  alco- 
hol (1  part  HCl  in  10  parts  alcohol).  The  filtered  extract  was 
diluted  with  water  and  evaporated  until  strophanthidin  separated 
out.  The  filtered,  well-washed  sediment  was  recrystallized  three 
times  out  of  alcohol  and  gave  pure  white  silky  crystals,  which 
proved  to  be  identical  with  strophanthidin,  pre[)ared  from  stro- 
phanthin. 

Feist^^  did  not  prepare  strophanihin  himself.  The  strophan- 
thin  used  by  Feist  for  his  investigations  was  prepared  by  Boehr- 
inger  and  Sons  (\\'aldhof)  from  Kombe  Strophanthus  seed  by 
Fraser's  process,^-  also  a  preparation  of  Schuchardt  out  of 
hispidus  seed  was  found  to  he  identical  with  the  former  prepara- 
tion. 

Properties.  Stroplianlhin  forms  a  fine  white  ])o\\(k'r  with  a 
crystalline  structure,  or  a  brittle  mass  when  oljtained  by  evapor- 
ating a  watery  solution.  It  does  not  contain  nitrogen  and  does 
not  reduce  Fehling's  solution  in  the  cold  or  by  heating.  It  con- 
tains water  in  varying  amounts.  One  cannot  say  whether  the 
water  is  tiiat  of  absorption  or  of  crystallization.  Feist  gives  the 
result  of  only  one  estimation  :  dried  at  110°  7.48%  HoO.  For  the 
results  of  combustion  and  other  data,  sec  tabic. 

Strophanthin  was  hydrolizcd  with  five  times  its  weight  of  half 
percent  hydrochloric  acid.  Tiie  flask  was  placed  in  a  cold  water- 
bath,  and  slowly  heated.  At  30°  it  was  all  dissolved  and  at  70-75° 
strophanthidin  separated  in  small  needles.  After  having  kept  the 
fluid  some  time  at  7.')-80°  it  was  cooled  and  filtered.  The  stro- 
l)hanlhidin  washed  with  a  little  sulplunic  clhcr  forms  a  white 
crystalline  powder.  Tiie  filtrate  from  the  strophanthidin  heated 
again  at  75-80'^  separates  out  only  a  very  small  anioimt  of  the 


'"Journal  dc  Pharin.,  1S77,  2.),  p.  177,  nearly  the  same  in  Conij)lis  rcndus  S4, 
p.  201. 

"Hcrichfc  31,  p.  .''.34,  .33,  p.  20G3  and  p.  20G9  and  p.  2091. 

'-Sec  the  prcccdinK  alislracl  concerning  the  examination  of  the  scerl  !)>■  Prof. 
Ilartwich. 
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same  j)n)(luct.  lioilini^-  the  fluid  ji;i\es  very  ptjor  results,  because 
resins  are  formed.  Stroi)lianthidin  contains  two  molecules  of 
water  of  crystallization.  \>y  drying  only  one  and  one-half  mole- 
cules can  be  driven  off. 

The  water-free  strophanthidin  was  prepared  by  recrystallizing 
several  times  from  methvlalcohol.  A  crystalline  substance  was 
thus  obtained,  consisting  of  one  molecule  strophanthidin  and  one 
molecule  of  methylalcohol.  By  drying  this  substance  at  100° 
water-free  strophanthidin  was  obtained.  Strophanthidin  hydrate 
melts  at  1()!)-170°,  foaming  at  17G°,  solidifying  by  cooling  and 
melting  again  at  232°.  The  hydrate  was  examined  optically  and 
the  crystals  measured  by  Riva.  The  crystals  are  found  to  Ije 
monoclinic  hemimorph.     (See  table.) 

By  studying  the  action  of  alkalies  on  strophanthidin  Feist  de- 
termined that   stroi)hanthidin   is  a  dilacton    ()HC.,-H..-Oy^^~-°- • 

.  -■'■•■      -\(0— o/ 

By  the  action  of  alkali  on  strophanthidin  a  salt  of  a  dibasic  acid 
is  formed.  F5y  acid.ulating  the  solution  of  this  salt  and  boiling, 
the  original  dilacton  is  not  formed  again,  but  anotlicr  lacton, 
therefore,  at  least  one  OH  is  also  present. 

The  second  cleavage  of  strophanthin,  stropliaiifobiosc  iiicthyl- 
cflier,  was  separated  from  the  filtrate  of  strophanthidin.  The 
combustion  and  the  molecular  weight  estimation  lead  to  the 
formula  Cj-.H^.^C  ),„.  Strophantobiose-methylether  was  hulrolized 
by  1%  sulphuric  acid.  In  the  fluid,  resulting  from  this  reaction, 
mannose  was  identified  by  the  hydrazon  and  the  osazon  ;  rham- 
nose  by  the  p-nitrophenyl  rhamnosazon  and  by  distilling  the 
strophantobiosid  with  oi)'/<  sulphuric  acid  under  which  circum- 
stances methylfurfurol  is  formed.  Methylalcohol  was  identified 
by  making  a  methoxiil  estimation  in  stroi)hantobiose-methylether. 
We  are  surprised  that  with  the  skill  of  Feist,  the  rhamnose  was 
not  ol)tained  as  a  cr\stalline  sul)stance.  as  rhanmose  crystallizes 
readily. 

I/cfffcr  and  Saclis^'.  ( )ur  in\estigations  on  the  active  ])rin- 
ciples  of  Koml)e  Strophanthus  seed  were  already  practically 
finished  when  the  work  of  Heft'ter  and  Sachs  appeared.  Fortu- 
natelv  the  pu1)lication  of  this  paper  was  postponed  so  that  we 
are  able  to  incorporate  the  data  of    lleffler  and  ."^achs.      'J'heir 


^"P.iocliemische   Zcitschrift    4(1    (191:.'),   p.   S3. 
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work  is  of  especial  imporiance  to  us  as  ihey  studied  the  active 
principles  of  identified  hisi)i(lus  seed  and  unideiuitied  Konibe 
seed,  whereas  we  studied  the  active  principles  of  identified  Kombe 
seed  and  unidentified  hispidus  seed.  The  concordant  results  indi- 
cate that  hispidus  and  Kombe  seed  which  are  on  the  market  are 
pure,  or  that  if  they  contain  other  species,  these  species  do  not 
contain  other  active  principles. 

lleti'ter  and  Sachs  used  for  the  prei)aration  of  strophanthin 
the  method  of  Thoms  (Berichtc  'M,  p.  271).  The  fat-free,  pow- 
dered, identified  Strophanthus  hispidus  seeds  were  exhausted 
with  hot  !»-!:%  alcohol.  The  alcohol  was  distilled  oft'  and  the 
residue  taken  up  with  hot  water.  To  the  slie^htly  acid  colored 
turbid  solution  lead  acetate  in  excess  was  added,  ilydrogensul- 
phide  was  passed  through  the  hltrate  in  order  to  remove  the 
lead;  calcium  carbonate  in  excess  was  added  to  the  clear  and 
nearly  colorless  acid  solution  and  evaporated  on  the  waterbath 
to  a  thin  syrup  and  filtered.  The  strophanthin  was  at  last  salted 
out  by  a  large  amount  of  ammonium  sulphate,  and  the  strophan- 
thin obtained  was  further  purified  by  repeated  extraction  with 
94%  alcohol,  and  at  last  by  preci|)itating  from  the  absolute  alco- 
holic solution  with  ether.  In  this  way  a  yield  of  aboiU  1.7% 
|)ure  amorphous  hispidus  stroi)hantliin  was  obtained.  Kombe 
Strophanthus  seed  obtained  in  the  o])en  market  gave  (>.  I-O.')')*  of 
crystalline  Kombe  strophanthin  (which  separated  by  e\aporating 
the  sf)luti(jn  with  calcium  carl)onate)  and  ga\e  further  an  amor- 
phous strophanthin.  which  was  found  to  be  apparently  identical 
with   amorphous   hi>piduN    sti'<  iplianthin. 

The  tigures  (jf  the  analyses  of  these  strophanihins  obtained  by 
IkTfter  and  .*>achs  are  C(»mpared  in  the  table. 

It  is  worth  netting  that  Ili'tVler  and  .^aclis.  using  \\]v  inodilied 
method  of  Fronnne  (1  lager's  llandbuch  der  pharmac.  I'raxis 
ICrgaenz  band  S.  (Ki!),  IDOS),  for  the  (|nantitati\  e  strophanthidin 
determination,  obtained  \alue>  liighei-  than  our>.  and  jirobably 
nearer  the  theoretical. 

(  )l'\<  OWS   RI'.SI'.AKCIl. 

Twenty-two  Kg.  .Stro])hanthus   Kombe  seed  in  pods'^  gave  8.2 
Kgs.  seed  (37. .3%).  S.l  Kg.  pods  (.3(;.8%,),  and    1.7  Kg.  comose 

'*Tliis  socil,  as  li.ns  liccii  jirevioiisly  incnlioncd,  was  found  hy  I'rof.  V'..  M.  Holmes 
to  l)c  sfcil  "if   .Stro|i|i:intlius   Kmntic   l)liv. 
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hair^\  Helhing""'  who  separated  five  pods  gives  the  average; 
seeds,  37.36%  pods,  37.61%— hairs,  25.02%;.  The  S.l  Kgs.  seed 
were  ground  to  a  coarse  powder''  and  extracted  in  a  percolator 
with  petroleum  ether,  to  remove  the  fat.  The  yield  was  5.6  Kg. 
fat-free  powder  and  3.5  Kg.  green  fatty  oil  (30.9%).  Fraser^^ 
found  31.8%  petroleum  ether  extract;  1.5  Kg.  seed  were  twice 
percolated  with  12  liters  of  70%  alcohol  each  time.^''  The  alcohol 
of  the  first  percolation  was  distilled  ofif  in  vacuo.  The  thin  ex- 
tract, after  standing  a  few  days,  deposited  crystals  of  strophan- 
thiii  which  were  suctioned  ofl:  on  a  hardened  filter.  These 
crystals  were  recrystallized  several  times  by  dissolving  in  as  little 
boiling  water  as  possible  and  evaporating  the  solution  at  about 
40°.  By  constant  stirring  at  this  temperature  fine  crystals  were 
obtained,  but  the  yield  of  crystalline  strophanthin  becomes  smaller 
by  every  recrystallization,  e.g.,  5  gm.  pure  crystalline  strophan- 
thin was  recrystallized  in  this  way  and  gave  only  2  gm.  crystalline 
strophanthin  and  3  gm.  of  a  white  amorphous  substance.  The 
amorphous  substance  is  more  readily  soluble  in  water  than  the 
crystalline  strophanthin. 

While  the  crystalline  strophanthin  is  neutral,  the  amorphous 
substance  is  in  an  aqueous  solution  acid  in  reaction.  As  will  be 
shown  later  the  estimation  of  the  water  of  crystallization  and  the 
combustion  of  the  crystalline  strophanthin  give  figures  which 
agree  with  the  calculated  figures  for  the  formula  QoH.-ic,Oi5-)- 
3H2O,  while  the  estimations  of  the  amorphous  substance  lead  to 
the  assumption  that  the  amorphous  substance  is  either  a  mono- 
basic acid  of  the  formula  QoH5cOio-|-3HoO  resulting  from  the 
action  of  water  on  one  lacton  group  C3  9 H .5 ,;  0 1  ■? /c"o~9-f  H ? ( )  = 
CgoH^cOi.; /cooH  Qj-     ^     mixture     of     e.g.     a     monobasic     acid, 

^"The  comose  hair  was  not  gathered  with  the  same  care  as  seeds  and  pods,  because 
the  hairs  contained  no  strophanthin,  and  the  separating  of  the  seeds  being  rather  dis- 
agreeable work,  the  dust  affecting  the  mucous  membrane  of  the  nose,  the  separating 
was  done  in  a  well-ventilated  room. 

'The  Pharmaceutical  Journal   and  Trans.,   ISST,   ]",   p.   74S. 

^'It  is  easier,  as  we  afterwards  found,  to  pound  the  seeds  and  after  one  extraction 
with  petroleum  ether  to  grind  the  extracted  mass  to  a  fine  powder  and  extract  it  again 
to  remove  all  the  fatty  oil,  for  it  is  impossible  to  grind  to  a  fine  powder  the  seeds 
containing  fats. 

'The  Pharmaceutical  Journal  and  Trans.,  1SS9,  20,  p.  329. 

''Physiological  testing,  by  Mr.  O.  E.  Closson,  showed  that  four  successive  extrac- 
tions, made  in  the  above-mentioned  proportion,  removed  in  the  first  percolation  86.5%, 
in  the  second  percolation  9.4%,  in  the  third  percolation  2.4%,  and  in  the  fourth  per- 
colation 1.7%  (considering  100%  to  be  the  whole  amount  of  active  substance  extracted 
by  these  four  percolations).  Therefore,  nearly  all  active  substance  is  extracted  in  the 
first  and  second  percolation. 
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a  dibasic  acid  and  ihc  orii^inal  crvstallinc  suhstanco.  ll  will 
be  shown  that  the  stroi)hantiiidin.  which  results  l)y  the  sjjlittini^ 
of  strophanthin  with  acids,  is  identical  with  Feist's  stroi)hanthi- 
din,  which  he  showed  to  be  a  dilacton.  A  study  of  the  salts 
which  amorphous  acid  strophanthin  can  form  will  doubtless  have 
a  bearing  on  the  constitution  of  the  amorphous  acid  stroj)hanthin. 
The  figures  obtained  by  the  combustion  and  titration  of  amorphous 
acid  strophanthin  will  be  compared  with  the  calculated  tigures 
for  tlic  formula  of  monobasic  acid  stroijhaiuhin  of  ilie  alcove 
given  fornnila. 

The  re\ersion  of  llie  amor]>hous  acid  into  the  crystalline 
lacton  cotild  not  be  acc()mi)lished.  It  is  interesting  to  note  that 
the  fi(/iires  obtained  by  the  coiiibiistion  of  the  amorphous  body 
are  the  same  as  those  obtained  by  .Irnand  and  by  Kohn  and 
Kulisch  for  their  strophanthins. 

The  following  method  of  i)reparation.  which  is  similar  to  the 
method  of  Arnaud  (the  recrystalli/alion  of  ihc  inijiure  str(»pliau- 
ihin  being  tiie  only  differences),  was  afterwards  adopted.  l)ecause 
tlie  alcoholic  extract  did  not  always  crystallize  and  Arnauds 
method  gives  a  belter  \ield. 

Crxstalline  strophanthin  as  uT  hai'e  .vZ/rrrc/;  (■<//;  be  obtained 
without  any  ehemieal  purification  [rion  the  ah-oho!ie  extract.  It 
is  thus  possible  to  determine  lehether  a  certain  chemical  method 
of  preparation  of  strophanthin  from  Strophanthns  Komhe  seed, 
f/ii'es  a  \ield  of  naturally  Dcenrriiuj  crystalline  slroplianlhin  or 
of  a  derivative  of  strophanthin. 

Method  of  preparation.  \ .')  Kg.  groimd,  fal-free  Stroi)han- 
thus  seed  was  percolated  with  \'l  liters  lii',  alcohol  and  the  per- 
colate was  distilled  olT  in  vacuo  until  about  1  liter  lluid  remained. 
Tit  thi^  thud  suHicieiU  lead  subacetate  soliUion  (l.ii|uor  plumbi 
subacetatis.  U.  S.  !'.  )  was  added,  to  obtain  an  ea-^il\  liltering 
mixture,  'i'he  liltrate  is  a  clear  yellow  fluid.  I  lie  excess  of  lead 
was  removed  b\'  hydrogen  sulphide  and  the  clear  liltrate  was 
e\a])()raled  at  |o  1')  with  constant  stirring.  I'ntil  the  lluid 
becomes  i-oncentrated  it  is  impoiiant  that  it  be  kept  alcoholic  by 
fre(|uent  addition  of  a  little  alcohol.  W  lun  tlu-  lluid  has  become 
a  thin  extract,  the  alc(thol  nuisl  be  evajtoraled  as  nuich  as  pos- 
sible. It  will  then  crystallize  readily.  The  crystals  are  separated 
on  a  hardened  filter  of  larj/e  surface  b\   suction.      The  rrcrxstal- 


4ftl) 
lizalion  is  made  in  the  following  manner  to  a\ oid  conversion  into 
the  amorphous  body:  The  crystals  are  dissolved  by  placing  them 
in  a  dish  with  a  small  amount  of  !M%  alcohol  and  heating  to 
40-4')'  and  stirring  occasionally.  After  having  filtered  the  solu- 
tion, the  alcohol  is  now  evaporated  to  a  thick  extract  at  this 
temperature  and  water  is  added  until  a  thin  extract  is  obtained. 
With  constant  slow  stirring  with  a  motor,  the  extract  is  again 
evaporated  to  remove  the  rest  of  the  alcohol.  The  extract  will 
then  crystallize  readil}'.  iVs  was  observed  by  Arnaud,  the  alcohol 
cannot  be  used  alone  to  recrystallize,  because  it  leaves  strophan- 
thin  as  a  \arnish.  This  recr}stallization  is  repeated  until  stro- 
phanthin  is  obtained  with  the  properties,  which  will  be  described. 

Another  method  of  preparation  was  carried  out  as  proposed 
by  Bourquelot  and  Herissey-'^  to  exclude  enzyme  action,  by  adding 
2.0  Kg.  fat-free  ground  seed  to  15  liters  boiling  alcohol  of  94%. 
After  boiling  for  twenty  minutes  the  hot  fluid  was  filtered  ofl:  and 
the  alcohol  evaporated  in  vacuo  ;  this  gave  an  extract  from  wdiich 
crystalline  strophanthin  identical  with  the  crystalline  strophanthin 
made  by  the  previously  descril)ed  method  was  o])tained. 

Crystalline  strophanthin,  identical  with  the  former  descril)ed 
crystalline  strophanthin,  was  also  obtained  by  the  method, 
described,  from  Strophanthus  Kombe  seed,  regularly  purchased 
for  the  manufacture  of  Tr.  of  Strophanthus.  The  first  crystalline 
strophanthin  will  he  called:  strophanthin  (ident.).  the  second: 
strophanthin  (trade).     No  difi'erence  was  found  between  them. 

Properties  of  crystalline  strophanthin.  Kombe  strophanthin 
( ident.  and  trade  )  is  a  white  cr}  stalline  substance,  showing  under 
the  microscope  fine  needles  or  long  plates. 

It  contains  three  molecules  of  water  of  crystallization,  which 
arc  readil}"  given  ofif  in  a  vacuum  desiccator  more  (juickly  in 
vacuo  at  80°.  Bv  placing  the  dehydrated  crystals  in  a  chaml)er 
containing  moist  air  the  w^ater  is  taken  up  again.  In  a  vacuum 
at  100°  C.  or  lO.-)-llO°  C.  no  more  water  is  given  ofl:'  than  in 
vacuo  at  80°  C.  Found  by  drying  at  80°  C.  and  105-110°  C.  in 
vacuo  for  Strophanthin  (ident.)  :  6.0 % -6.5 0^ -6.3 '/t  •  In  strophan- 
thin (trade)  7.1  and  7.0%.  Calculated  for  C^^H.-.^O^.-.-f 3H,0 
:0.5%  H,(). 

Melting  point.     44ie  substance  melts  in   its  water  of  crystal- 

-■••Coniptes  reiulus,   l.'?.^,   p.   (!90. 
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lization  at  15S-lGo~  C,  becoming  a  turbid  mass.  Dried,  it  melts 
at  178-179°  C.  Strophanthin  (trade)  gave  the  same  results,  and 
bv  mixing  them  together  the  same  results  were  obtained. 


Crystalline  Kombc-strophanlhin. 

Specific  rotation  was  deterniined  in  !)!','    alcoholic  solution  ot 
air-dried  substance. 

I.  1.000  gm.  crjst.  strophanthin   (  iiUiit.  )   dissulvcd  in  25  cc.  9A%  alcohul. 

(a)         100a  1  =  2 

D= =  +  31.6 

Ic  fl  =  +2.53° 

II.  0.7500  Kin.  cryst.  .stroplianthin  (idcnt.)  dis.solvcd  in  25  cc.  94Tc    alcohol. 

(a)         100a  /=r2 

D= =+3\.6 

Ic  a  =  +1.90° 

III.  .V  iktirminati(jn  was  also  made  in  alisujuti'   (99.5%)    alcohul. 
0.7500  Km.  cryst.  strophanthin   (idcnt.)   dissolved  in  25  cc.  99.5%  alcohol."' 

(u)         100./  1  =  2 

D= =+31.3 

Ic  a  =  +1.88-^ 

IV.  A  determination  was  also  ma<le  in  watery  solution    (to  compare   witli 

.\ maud's  value). 

a.  0.200  (.^m.  cry.st.  strophanthin  (ideiit.)   dissolved  in  25  cc.   water. 

(</)          KM)./  1  =  2 

J)= =  +  28.7 

Ic  a  =  +0.23" 

I).  0.7.5(K)  ^m.  cry^t.  strophanthin  (tr.ide)    dissolved  in  25  c.-.  94'?    alcohol. 

(<;)          l(K)a  1  =  2 

I)= =  +  30.5 

Ic  a  =  +1.83'^ 

'■"\''i>r    fliffcrcnccs    in    rol.-ilinn    of    alknloids    in    1M%    atcciliol    and    alisoliitc    alc<)h<jl. 
Sec   Jniir.  of  Clicui.    Solid)    (l.onilon).    I!i|n,  !I7.   p.    I:t2s. 
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Coiiibiistioit. 

I.  0.2670  gm.  cryst.  strophanthin  (idcnt.)  dried  at  80°  in  vacuo  gave 
0.1947  gm.  H.O  and  0.6073  gm.  CO.. 

II.  0.2318  gm.  cryst.  strophanthin  (idcnt.)  dried  at  105-110  in  vacuo 
gave  0.1667  gm.  H.O  and  0.5291  gm.  CO.. 

III.  0.2675  gm.  cryst.  stroplianthin  (ident.)  dried  at  105-110'  in  vacuo 
gave  0.1846  gm.  H=0  and  0.6047  gm.  CO... 

1\'.  0.2520  gm.  cryst.  strophanthin  (trade)  dried  at  105-110  in  vacuo 
gave  0.1802  gm.  H.O  and  0.5680  gm.  CO.. 

\'.  0.2597  gm.  cryst.  strophanthin  (trade)  dried  at  105.110'  in  vacuo 
gave  0.1872  gm.  H.O  and  0.5863  gm.  CO.,  or  in  percent: 


Calculat.  f. 
C40H66O15 


S.  ident. 

S.  trade. 

Aver. 
S.  ident. 

Aver. 
S.  trade. 

I. 

11. 

III. 

IV. 

V. 

c 

H.... 

62.03 
8.17 

62.25 
8.06 

61.65 
7.73 

61.47 
8.01 

61.57 
8.08 

61.97 
7.98 

61 .5i 
8.04 

61.82 
7.27 


An  aqueous  solution  of  cryst.  strophanthin  has  the  following 
properties :  Heated  with  a  small  amount  of  a  mineral  acid  and 
made  alkaline  afterwards,  it  readily  reduces  Fehling's  solution. 

Crystalline  strophanthin  can  be  boiled  with  glacial  acetic  acid 
without  producing  a  substance  capable  of  reducing  Fehling's 
solution.  A  trace  of  crystalline  strophanthin,  when  added  to 
sulphuric  acid  first  turns  dark  green  and  then  brownish. -'- 

It  gives  a  white  precipitate  with  tannic  acid  solution  and  no 
precipitate  with  lead  acetate  or  basic  lead  acetate  solution. 

Properties  of  amorphous  acid  strophanthin.  Acid  strophan- 
thin was  not  obtained  in  a  recognizably  crystalline  form.  It  is 
difticult  to  determine  how  much  water  is  present  as  a  hydrate, 
since  amorphous  acid  strophanthin  is  hygroscopic.  This  water  is 
readily  given  oiT  in  \acuo  at  100°  C,  no  more  water  being  given 
off  in  vacuo  at  105-110°  C.  Found  by  drying  in  vacuo  at  105- 
110°  5.97c,  in  other  samples  7.7 7o  and  8.0%  of  water.  Calcu- 
lated for  C,oH,„Oi,,+3H,0  6.37%. 

Melting  point.  Acid  strophanthin  softens  at  about  100°  C. 
in  its  hydrate  water  and  melts  at  165-170°  C.  The  dried  sub- 
stance softens  at  160°  C.  and  melts  about  180°  C. 

Specific  rotation  was  determined  in  watery  solution  of  air-dry 
substance  0.400  gm.  dissolved  in  25  cc.  water. 

(a)         lOOfl  /  =  2 

D= =  +  20.6 

Ic  0  =  4-0.33° 

'^Reaction  of  Helbing.     The  riiannac.  Jour.,  1S77,   17,  p.  924. 
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Coiiihiistioii. 

I.  0.3375   gm.   amorph.   acid   strophantliin    (idont.)    dried   at   105-1111     in 
vanio  gave  0.2333  gm.  H^O  and  0.7477  gm.  CO.. 

II.  0.2553  gm.   amorph.  acid   strophanthin    (ident.)    dried  at   105-110     in 
vacuo  gave  0.1717  gm.  H;0  and  0.5672  gm.  CO.. 

III.  0.2316  gm.  amorph.  acid  strophanthin   (trade)    dried  at  105-110'    in 
vacuo  gave  0.1609  gm.  H-O  and  0.5145  gm.  CO-. 

I\'.  0.2645  gm.  amorph.  acid  strophanthin   (trade)   dried  at   105-110'   in 
vacuo  gave  0.1873  gm.  H2O  and  0.5899  gm.  COl-,  or  in  percent : 


Ident. 

Trade. 

Aver, 
trade. 

Aver, 
ident . 

Calculat.  f. 

I. 

II. 

III. 

IV. 

C'40H58Ol6 

c 

H 

60.42 
7.75 

60.f9 
7.50 

6  >..5S 
7.79 

60.8'. 
794 

60.70 
7.86 

60.50 
7.62 

60.42 
7.36 

Molecular  U'ci(/lit  of  Crystalline  Komhe  Strophouthin  ami 
Other  Kombe  Strophaiith'ms. 

I*'eist  (Berichte  '.\\  (1S!)S).  p.  530  and  ;};]  ]).  2i»T.")).  doUrmincd 
the  molecular  weijcjht  of  Kombe  strophaniliin.  In  iiis  hrsl  ]irc- 
liminary  report  Fei.st  said:  "The  cho.sen  formula  (C.H..()),,;  is 
also  supported  by  the  cryoscopic  molecular  weight  determination 
in  water.  Calculated  (iss.  found  in  the  a\erage  (5?S  and  OSd. 
Notable  molecular  association  occurs  with  increasing  concentra- 
tion." 

The  ligtu'cs  found  by  the  determination  are  reported  ni  his 
folhnving  jiaper  in  which  h'eist  says:  "The  cryoscopic  molecular 
weight  fleterminations  can  only  be  determined  in  water  (c=l.s.i)) 
and  give  \ery  uncertain  results,  calculated  C',„l[,.,,jO,n^8r)0. 

1.      Used  air-dry  strophanthin  hvdratc  in  tal)lets. 


Hubstance. 


Depression. 


(1.09.56 
0.2.52(1 
0.3997 


0.03(1 
0.06!( 
(i.0f9 


Mol.  Weight  Found. 

572.8 
6560 
f08.8 


Average  Mol.  Weifirht. 


CT8.5 


The  amount  of  water  tised  was  10.52  gm. 

II.     Used  strophanthin.  which  was  dried  se\eral  nionljis  o\  er 
stilplnu'ic  acid.  Ingroscopii-  powdiM". 


SubHtance. 

DopresBion. 

0  079 
0.1.50 
0.249 

Mol.  Weight  Found. 

Average  Mol.  Weight. 

0.3155 
oe5')8 
1  2178 

(IH.I 
6553 
7.52.1 

680.8 

Tlie  am(;uiit  of  water  used  was  12.2!)  gm. 


503 

The  following  are  the  figures  obtained  hy  our  own  research. 
'I'he  stroi)]ianthins  used  for  the  experiments  were  : 
1.     Crystalline    Konibe     strophanthin ;    II,    acid    amorphous 
Kombe  strophanthin  (obtained  by  the  action  of  water  on  crystal- 
line Kombe  stro])hanthin  )  ;  III,  amorphous  strophanthin  Merck. 


la. 

Crystalline  Kombe  strophanthin. 

Substance. 

! 

Depression.             Mol.  Weight  Found. 

Calculated  for  C40H56O15 

0.0874 
0.1785 

0.023                                   481 
0.037                                   611 

776 

The  amount  of  water  used  was  15.01  gm. 
Another   determination   was  made  with    crystalline    Kombe 
strophanthin. 


lb. 

Crystalline 

ECombe  strophanthin. 

Substance. 

Depression. 

Mol.  Weight  Found. 

Calculated  for  C40H56O15 

0.0517 
0.1451 
0  2344 

0.012 
0.032 
0.053 

551 
577 
563 

776 

The  amount  of  water  used  was  14.91  gm. 

II.     Acid  amorphous  strophanthin. 


Substance. 

Depression. 

Mol.  Weight  Found. 

Calculated  for  CVoHsaOia 

0.1865 
0.3940 
0.5223 

0.061 
0.100 
0.139 

390 
503 
486 

794 

The  amount  of  water  used  was  14.9  gm. 

III.     Amorphous  Kombe  strophanthin-Merck. 


Subst  ance. 


0.1407 
0.2740 
0.4246 


Depression. 


0.030 
0.054 
0.081 


Mol.  Weight  Found. 


596 
645 
666 


The  amount  of  water  used  was  14.95  gm. 

These  figures  are  in  agreement  with  those  of  Feif-t  for  the 
same  concentration.  The  last  determination  of  the  first  experi- 
ment of  Feist  is  undoubtedly  an  error.  From  these  figures  we 
observe  that  with  higher  concentration  the  molecular  weight  in- 
creases, therefore  the  figures  of  Feist's  second  experiment  become 
close  to  the  theoretical  (770).  Feist's  explanation  of  this  be- 
ha\ior  was  that  the  uncertain  results  are  due  to  notable  nii>lecular 
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assoiiation  by  increusing  conccntnitinn.  TlirdU.i^h  our  recent  in- 
vestigation of  the  conversion  of  crystalline  Kom])e  strophanthin 
into  the  acid  amorphous  strophanthin  we  are  able  to  give  a  better 
explanation,  viz.:  dissociation.  This  is  already  indicated  by  the 
figures  of  Feist  in  which  all  his  molecular  weight  determination 
fall  well  below  the  calculated. 

The  molecular  weight  was  therefore  determined  in  a  non- 
ionizable  fluid,  which  at  the  same  time  i)0ssesses  sutticient  solu- 
bilitv  for  strophanthin.  in  order  to  obtain  the  correct  values. 
These  fluids,  alcohol,  acetone,  etc.,  could  only  be  used  conveniently 
bv  determining  the  increase  in  boiling  i)oint.  The  Ueckman  ai)- 
paratus  was  used,  in  which  heating  is  accomi)lished  b\-  circulating 
vajKir  (  Zeitschr.  f.  ])hysik.  Chemie.    in.   r.Mi-3,  \).  MV.]). 

The  determination  was  made  with  alcohol  as  a  soKent.  lieck- 
man  determined  the  constant  (molecular  increase  for  t<H)  cc.  I 
=315.0  . 

1'/.     Crystalline  Koml)e-stro|)h;uitliiii. 


Cc.  of  alcoliol. 

Gill.  Kubst. 

Observed 
increase. 

(Jill.  Siibst.  in 
100  cc. 

Found  Mol.W. 

14.1 
15.7 

0.3020 
0.3020 

0.012 
0.028 

2.1464 
1.2850 

797 
716 

I^.    Crystalline  Konibe-stroi>li;intliiii. 


Cc.  of  alcohol. 
12.7 


Gm.  Subst. 


0.3917 


Observed 
increase. 


Qm  Subst.  in 
100  cc. 


0.05S 


3.1080 


Found  Mol.  W. 
886 


The  average  molecular  weight  found    for  crystalline  Konibe 
Strophanthin  ] /;](797+71(i-f  .s;KJ)=78;].     Calculated  for  C,„ll,,, 

o,,=7r6. 

II.    Ainorphous  Kombe-strophanthin  Merck. 


Cc.  of  alcohol. 

Om.  Subst. 

Observed 
increase. 

0.(M4 
0  o:i7 
o.o:i'2 

Gni.  8ubst.  in 
100  cc. 

I'ound  Mol.W. 

11.6 
12  7 
11.1 

0..1116 

o.:iii6 
0.3116 

2  6862 
2  4S35 
2  16.39 

9,52 
1034 
10515 

The  average  mojetular  weight  foniii 
Merck   1    :{(!).V^+I<''"51  +  n>r)r))^|n|  I. 
slant  during  the  experiments. 


ir  Kombe  slropbaiitliin 
I-  bar(  imeter  stood  c<  >u- 


W  e  believe  that  crystalline  Kombe  strophanthin  loiilains  two 
lactoii  groups,  whii'li  may  be  different  from  the  st roiihanthidiii 
grouping,  in  that  there  are  '  »ll    r.idiciU  in  the  sugar  which  ma\- 


interact  with  the  formation  of  different  lacton  complexes  and  of 
internal  ethers,  thus  accountin*,'  for  the  two  less  molecules  of 
water  in  the  molecule  of  strophanthin  than  would  otherwise  be 
expected,  ^^'hen  dissolved  in  water  both  oi  these  lacton  groups 
hvdrolvze  to  a  certain  extent  into  acids,  which  l)y  their  ionization 
give  dift'erent  molecular  weight  values,  depending  on  the  con- 
centration. Tlierefore,  l)y  greater  dilutions  the  apparent  mole- 
cular weight  calculated,  according  to  the  formula  of  Raoult,  is 
smaller,  whereas  by  increasing  concentration  the  molecular 
weight  approaches  the  molecular  weight  of  the  calculated 
fornnda.  For  the  acid  amorphous  strophanthin  we  believe  that 
the  molecule  has  undergone  a  rearrangement  by  which  one  of  the 
lacton  groups  is  converted  permanently  into  an  acid,  which  re- 
mains an  acid  independent  of  the  concentration. 

A  simple  reaction  demonstrated  that  amorphous  Kombe 
stroi)hanthin  ]\Ierck  must  contain  a  certain  amount  of  acid 
amorphous  strophanthin.  Three  pieces  of  blue  or  neutral  litmus 
paper  are  moistened  with  water.  A  small  amount  of  crystalline 
Kombc  strophanthin  is  put  on  one,  on  the  second  a  small 
amount  of  acid  amorphous  Kombe  strophanthin,  and  on  the  third 
piece  of  litmus  paper  a  small  amount  of  amorphous  Kombe 
strophanthin  j\Ierck.  The  papers  indicate  ( by  looking  on  the 
other  side)  that  only  crystalline  Kombe  strophanthin  is  neutral, 
whereas  the  other  samples  behave  as  acids. 

Contrary  to  Feist's  explanation,  we  find  that  the  lower  hgures 
o])tained  with  the  cryoscopic  molecular  weight  determination  are 
due  to  a  dissociation  of  the  molecule. 

By  using  alcohol  with  the  ebullioscopic  method  nearly  theo- 
retical figures  were  obtained  for  the  molecular  weight  of  crystal- 
line Komjje-strophanthin. 

Titration  of  auiorplious  acid  sfropliaiithiii  a'itli  A\  !<•  sodium 
hydroxide.  pJiciiolphthalciii  as  an  indicator. 

I.  0..">(i()0  gm.  amorph.  acid  strophanthin  (air  dry)  was  dis- 
solved cold  in  ID  cc.  N/]0  sodium  hydroxide  and  titrated  back 
with  N  10  oxalic  acid.  Found:  that  ;').2  cc.  N/10  sodium 
hydroxide  was  necessary  to  neutralize  the  strophanthin. 

II.  The  same  investigation  repeated  with  <).r)00  gm.  air-dry 
amorph.  acid  strophanthin  gave  as  a  result  that  3.1  cc.  N/10 
sodium  hvdroxide  was  necessarv  to  neutralize  the  str()[)hanthin. 
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III.  0.5000  fjni.  amorphous  acid  strophanthin  (air  dry)  was 
dissolved  in  10  cc.  X^  10  sodium  hydroxide  and  heated  until  the 
fluid  boiled.  The  cooled  solution  was  titrated  back  with  N/10 
oxalic  acid.  Found:  that  o.o  cc.  X  10  sodium  hydroxide  was 
necessary  to  neutralize  the  strophanthin.  Repeating  the  boiling 
with  more  alkali  gave  only  a  slight  increase  of  the  neutralizing 
value. 

IV.  The  same  investigation  as  III  repeated  with  0.5000  gm. 
air-dry  amorph.  acid  strophanthin  showed  that  5.4  cc.  X /lO 
sodium  hydroxide  was  necessary  to  neutralize  the  strophanthin. 

Found  in  the  cold  for  0.5000  gm.  acid  str(ii)lianthin  :  :).'2  cc. 
and  3.1  cc.  X    id  Xa()II. 

Found  by  heating  for  ().5(H)()  gm.  acid  strophanihin  :  5.5  cc. 
and  5.4  cc.  N/10  NaOH. 

Calculated  for  0.5000  gm.  monol)asic  strojihanthin  (oIIoO) 
5.88  cc.  N/10  NaOTI. 

.Vniorphous  acid  str()]>hantliiii  is  much  m<n\-  soluble  in  water 
than  crystalline  strophanthin.  A  water}'  solution  of  amorphous 
acid  strophanthin  has  the  following  pro]ierties : 

It  slowly  reduces  I'ehling's  solution  by  boiling  (a  fresh 
aqueous  solution  of  crystalline  strophanthin  dissolved  in  the  cold 
does  not  reduce  Fehling's  solution  l)y  boiling). 

Heated  with  a  small  amount  of  a  mineral  acid  and  made  alka- 
line afterwards;  it  readily  reduces  Fehling's  solution.  It  gives  a 
white  precipitate  with  tannic  acid  solution  and  no  preci[)itale 
with  lead  acetate  or  basic  lead  acetate  solution. 

.\  trace  of  amor]ihous  acid  strophanihin,  when  added  to  sul- 
phuric acid,  first  turns  greenish-brown  and  then  brown. 

When  a  IS^f  s(jlulion  of  hydrochloric  acid  containing  crystal- 
line or  amorphous  slr(Ji)hanthin  is  boiled  no  appreciable  amotml 
of  furfurol  or  methyl  fur  furol  is  formed. -■' 

(».200(»  gm.  pure  rhamnose  (C/.H,/),.)  was  distilled  with  500 
cc.  12%  hvdrot'hloric  acid  trom  a  i(iun(|  tlask,  which  was  con- 
nected with  a  condenser  by  a  grituml  joint.  llic  distilling  tluid 
was  gathered  in  an  h'rlenmeyer  tlask,  which  had  a  mark  indi- 
cating  loo  i\-.     .\  small  piece  of  ungla/.cd  ponxlain  wa^  a(l(K(l  to 

"•''CoiiccrninR  the  furfurol   and  niclliylfurfurnl  cslinialions: 
Krobcr— Jour.   f.   I^nclwirl.schalt,  1000,  p.  :tTlt. 
Kllctt  anil  ToIUms— Her.   38.  i..  402,  Jour.  f.    I.andw.,  lOCJ,  p.  13. 
Mayer  and  Tollens— Jour.  f.   Landw.,   11(07,  p.  208,  Ber.  40,  p.   2141. 


507 

the  boiling'  fluid  to  prevent  humping-.  'i"he  round  flask  was  heated 
in  an  air  l)ath.  After  al)out  -i  hours  the  distillation  was  ready  and 
to  the  clear  distillate  a  Altered  solution  of  (I.. "500  gm.  ])ure  phloro- 
glucin  in  about  l."J  cc.  warm  1'<I%  HCl  was  added  and  the  Erlcn- 
meyer  flask  was  kept  dust-free  for  15-18  hours.  Then  the 
luethylfurfurol-phloroglucid,  which  had  settled  as  a  red  precipi- 
tate, was  filtered  on  a  weighed  cjuantitative  filter,  which  had  been 
dried  at  97-100°.  The  precipitate  was  washed  with  150  cc. 
water  and  the  filter  wdth  precipitate  dried  for  3yo-4  hours  at 
97-100^  and  weighed.  0.200  gm.  rhamnose  (CoHi^Oc)  gave 
0.1310  gm.  methylfurfurol-phloroglucid  or  according  to  the 
formula  of  Ellett  and  Tollens.  (Journal  f.  Landwirtschaft  1905, 
p.  13.) 

Rhamnose=Ph.Xl.G5—Ph-X  1.84+0.010. 

When  Ph=amount  of  phloroglucid. 
we  find  0.209  gm.  rhamnose. 

The  method  was  tried  out  on  ouabain  (gratus  strophanthin), 
wdiich  according  to  Arnaud  and  also  to  Thonis  has  the  formula 
C3oH4,.,Ojo+9  HoO.  Arnaud  could  separate  crystalline  rham- 
nose by  splitting  ouabain  with  acids.  A  quantitative  estimation 
of  rhamnose  was  made  by  Arnaud  by  titrating  the  fluids  re- 
maining by  hydrolysis  according  to  Soxhlet.  Arnaud'-*  found  in 
this  way  24.2%  Q-.H^.O,  in  C,,„H,„0,o+9  H.O  calculated  for  1 
molecule  QH.^Oc  23.9 7o. 

0.960  gm.  air-dry  ouabain  was  distilled  in  the  above  described 
manner  and  gave  0.1540  gm.  methylfurfurolphloroglucid  or  ac- 
cording to  the  formula  of  Ellett  and  Tollens  found :  0.2205  gm. 
rhamnose  in  0.9G0  gm.  C,,oH„;Oi,+9  H.O  or  22.9%. 

The  method  was  now  applied  to  crystalline  and  acid 
amorphous  strophanthin.  0.750  gm.  air-dry  crystalline  strophan- 
thin  gave  0.0074  gm.  brownish  phloroglucid.  Calculating  this  as 
methylfurfurolphloroglucid  we  get  according  to  the  formula  of 
Ellett  and  Tollens  0.0211  gm.  rhamnose  (QjHi^O,.,)  in  0.750  gm. 
air-dry  crystalline  strophanthin  or  2.9%.  0.850  gm.  air-dry 
amorphous  acid  strophanthin  gave  0.0070  gm.  brownish-red 
phloroglucid.  When  we  figure  that  it  is  methylfurfurolphloro- 
glucid, we  get  according   to  the   formula  of  Ellett  and   Tollens 


2^Coniptes   reiidus   12G   (1S9S),  p.   120S. 
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n.'i-^l.')  <rm.  rhaninose  (  C.-JiuO,., )  in  U.Soi)  i^m.  anuirphou-.  siroj)!!- 
anthin.  or  2J)'(.  It  air-dry  crystalline  slroi)hantliin  (  C\„H -„.,(.),- 
-{-■]  HJ))  should  contain  1  molecule  rhaninose  the  jjercentas^e 
C,;Hn(),;  would  he  '^l.f>'/«,  and  tor  the  air-dry  amorphous  acid 
strophanthin  (  C,„H,,Oi,,4-3  H,( ) )    :  "i  1 .4 ' ,  . 

We  can  conckule.  therefore,  that  no  rluunnose  is  present  in 
Komhe  strophanthin. 

According  to  h^'ist  rhanniose  and  d-mannose  should  he  i)res- 
ent  in  Komhe  strophanthin.  If  "i  molecules  of  d-niannose  are 
contained  in  cr\'stalline  strophanthin  then  ii.ir)(i  i;m.  (.  ,„l  1.-,,/ ^.-, 
-\-'.i  H..()  should  coiUain  i).'.Vi')  i,nu.  mannose  and  o.s.")()  gm. 
^4nll.-,s^  ^.-.H--^  11  J)  should  contain  o. :).')!»  gm.  mamiose.  There- 
fore. <i.;5J(l  gm.  d-mannose  was  distilled  with  ^'^' '(  HCl  to  allow 
a  comparison  with  the  results  of  the  former  estimations.  When 
0.. ■]()()  gm.  phloroglucin  was  added  to  the  distillate  of  o.;;iii  gm. 
mannose  with  \'i' ',  IKl  no  precipitate  wns  xisihle  after  is  hours. 
Therefore,  d-mannose  cannot  he  the  reason  of  the  formation  of 
the  small  \ield  of  ])hloroglucid    from  strophanthin. 

Strophanthidin.  'Jdie  strophanthidin  prepared  hy  Kohn  and 
Kulisch  from  their  strophanthin  is  different  from  the  strophan- 
thidin pi'cpared  h\-  h'eist.  Hy  splitting  crystalline  slroplianthin  hy 
the  nietlKjd  ui  Kohn  and  Kulisch  or  h\  other  methods,  or  splitting 
amorphous  acid  strophanthin  i^'ith  \' ,  \\.'>(  ),,  ///(•  .s(;/;/(-  stroph- 
anthidin ii.'as  a/:^.'a\s  ohtaineil  and  this  strophanthidin  pro:'ed  to 
he  identical  :<.'ith  that  dcscrihed  hy  heist. 

Strophanthidin  was  pre])ared  fi'om  cr\slalline  strophanihin  hy 
tlu'  method  of  Kohn  and  Kulisch.  (.See  the  description  of  this 
mtihotl  al)o\e. ) 

it  separated  out  in  \ellow  crystals,  which  after  recrystallizing 
three  times  from  hot  ali-ohol  and  concentrating  the  solution,  sep- 
arated in  line,  large,  i-olorless  cr\sta!s,  whiih  ^ho\\e<l  nn<ler  the 
microscope  the  same  form  as  the  piitnrc'  of  st  ri  i|)h;nuhidin  gi\en 
hy  h'ei^t.  The  following  procedure  gi\e.s  a  better  \  iild  than  the 
method  of  Kohn  .aiKJ  Kulisch:  To  ln(i  cc.  hoiling  \'c  \\(\  •'>  gm. 
crystalhnc  stroiiiiaiuhin  in  line  powder  was  added.  After  dis 
solving  the  .>troi)hanthin  tlu-  lluid  was  cooli'd  and  stroph.inthidin 
separated  (juicklv  m  line  whili'  crystals,  which  wwv  lilliicd  hy 
suction  and  w;islu'<l  with  watei".     After  Iwn  ir\  stalli/atious   fj-om 


hot  alcoiiol  nice  larj^c  crx'stals  can  he  obtained.  Amorijlious  acid 
strophanthin  separates  a  dark  resin  when  heated  with  'i'/,  HCl. 
Tlie  best  nietliod  of  sphttini;^  amorphous  acid  strophanthin  was 
found  to  l)e  l)oiHng  with  1%  li^.SU^.  (i  gm.  amorphous  acid 
strophanthin  was  boiled  witli  a  reflux  for  one-half  hour  with  50 
cc.  V/(  HoSO^.  The  mellow  separation  was  repeatedly  crystallized 
from  hot  alcohol  and  gave  the  same  strophanthidin  as  pre])ared 
from  crystalline  strophanthin,  therefore,  by  the  action  of  sul- 
phuric acid,  the  acid  group  goes  over  to  a  lacton  grouj). 

Properties  of  sfropluvithidiu.  Under  the  magnif)-ing  glass 
strophanthidin  shows  the  same  shape  of  crystals  as  shown  in  the 
picture  of  strophanthidin  given  by  Feist.  It  contains  one  mole- 
cule of  water  of  crystallizati(~)n.  Feist  had  trouble  in  drying  the 
substance,  and  it  was  only  b}'  ol)taining  crystals  of  a  methyl 
alcohol  containing  strophanthidin,  which  gave  off  readily  the 
methyl  alcohol  at  100°  C.  that  he  could  establish  the  formula  for 
dry  strophanthidin.  Feist,  and  also  Heft'ter  and  Sachs,  did  not 
dry  in  a  heated  vacuum,  but  only  at  ordinary  pressure.  By  drying 
in  \acuo  at  110-115°,  we  could  readily  obtain  crystalline  water- 
free  strophanthidin.  Also  at  lower  temperature  (105°  in  vacuo) 
the  water  is  given  off,  but  slowly.  In  moist  air  the  water  is  taken 
up  again.  Found:  3.56%,  3.50%  and  3.02%,  calculated  for 
QtHosO.+H.O:  3.6G%  H„0. 

Melting  point.  Strophanthidin  melts  at  about  120°  C.  in  its 
water  of  crystallization  to  a  turbid  mass  and  melts  at  about  170°  C. 
The  dried  substance  melts  as  Feist  describes  at  1G9°-1T0°  C, 
foaming  at  11S0°  C. ;  it  becomes  solid  by  cooling  and  then  melts 
at  232°  C. 

Speeific  rotation.  l.dOS  gm.  air-dry  strophanthidin  (from 
cr_\-stalline  stro[)hanthin  )   was  dissolved  in  25  cc.  metlnl  alcohol. 

(a)         100«  1  =  2 

D=- =  +  44.26 

Ic  fl  = -)-3.57° 

0.3300  gm.  air-dry  strophanthidin  (from  amorph.  acid 
strophanthin)  was  dissolved  in  25  cc.  methylalcohol. 

(a)         lUOa  1  =  2 

D= —  +  44.26 

Ic  fl  =  +1.17°  ; 


Feist  found  for  0.5043  gm.  strophantliidin  dissolved  in  25  cc. 
methyl  alcohol 

(a) 

Z?  =  -L  45.45 

Combustion. 

I.  0.219G  gm.  air-dr\-  strophanthidin  (from  cryst.  strophan- 
thin)  gave  0.1. 59S  gm.  ILO  and  0.530(1  gm.  CO.. 

A  second  combustion  was  made  of  air-dry  strophanthidin 
(from  cryst.  strophanthin  trade)  which  was  not  purified  by 
recrystallization  from  alcohol,  but  was  used  as  it  is  oI)tained  in 
splitting  the  crystalline  strophanthin  according  to  Kohn  and 
Kulisch. 

After  having  been  thoroughly  washed  with  water  it  was  dried 
in  air. 

II.  0.2198  gm.  air-dry  stroi)hanthidin  (not  recrystallized) 
gave  0.1 060  gm.  H,0  and  0.5312  gm.  CO,. 

or  in  i)ercent : 

I  II  Calc.    f.    G:H:.,Ot -fH.O 

C        65.82  65.91  65.80 

H  8.1G  8.46  8.20 

Thus  it  is  ap])arent  that  recrystallization  docs  not  alter  the  con- 
stitution. 

III.  0.2054  gm.  strophanliiidin  {from  cr\sl.  strophanthin) 
dried  at  110-115  in  vacuo  gave  o.|  p.i'.i  u;iii.  Ii  ,(  )  and  o.51(;|  gm. 
CO,. 

1\  .  o.2.">30  gm.  slrophaulliidiii  (  from  amor])]),  acid  ^lro])han- 
thin )  dried  at  IIo-ll.')  in  \  actio  gave  oJl^o  oni.  Ij  J  )  and 
0.5S15  gm.  CO.;  or  in  pe'rcent  : 

III  I\'  talc.    f.    C..:H«()r 

C        OS.57  0841  68.30 

n  8.18  8.01  8.09 

(Jitaiititdtii'c  (•sliiiiiilioit  of  strophauthidin  in  ciyslallinc  stidf^han- 
Ihiii. 
0.5000  gm.  air-dry  crystalline  Kombe  stroplianlhin  was  placed 
in  a  200  ic.  I'"rleiime\er  tlask  with  25  ic.  I',  I  l_.S(  ),  and  boiled 
one  hoiu'  witii  a  rcllu.x  i-ondeiiser.  The  separated  slri  iphaiitbidin 
was  caught  on  a  (|uantitalivc  lihc'r.      The  liltrate  and  wash  water 
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(about  50  cc. )  was  distilled  to  25  cc.  and  boiling  continued  with 
a  reflux  fur  one-half  hour.  The  separated  strophanthidin  was 
caught  on  the  same  filter  paper  and  this  process  once  more  re- 
peated. The  total  yield  of  strophanthidin  was  dried  in  vacuo, 
giving  0.2638  gm.,  or  52.7G%. 

0.500  gni.  of  air-dr}'  crystalline  Kombe  stroi)hanthin  was 
placed  in  a  200  cc.  Erlenmeyer  flask  with  22  cc.  of  2.2%  HCl 
(twice  the  volume  of  the  same  strength  HCl  as  used  by  Kolin 
and  Kulisch)  and  boiled  one-fourth  hour  with  a  reflux  condenser, 
cooled  and  filtered ;  the  filtrate  concentrated  to  original  volume 
and  boiling  continued  with  reflux  condenser  for  one-fourth  hour. 
After  cooling,  the  separated  strophanthidin  was  caught  on  the 
same  filter  and  dried  in  vacuo,  giving  O.25;3o  gm.,  or  50.46%. 

Ouantitatk'c  estimation  of  stropJiantJiidin   in  ainorpJious  Kombe 
stropJiantliin. 

0.500  gm.  air-dry  amorphous  Kombe  strophanthin  Merck  was 
placed  in  an  Erlenmeyer  with  50  cc.  0.5%  HCl  and  heated  to  75° 
and  further  treated,  according  to  the  method  of  Feist,  repeating 
the  heating  three  times.  Dried  in  a  vacuo,  0.2218  gm.  strophan- 
thidin w^as  obtained,  or  44.36%  . 

0.5000  gm.  air-dry  amorphous  Kombe  strophanthin  jMerck 
was  placed  in  an  Erlenmeyer  with  25  cc.  of  1%  HoSO^  and 
treated  as  the  first  determination  on  crystalline  Kombe  strophan- 
thin. This  gave  0.2234  gm.  of  vacuum  dry  st-rophanthidin,  or 
44.78%. 

The  largest  yield  of  strophanthidin  ol^tained  by  Heft'ter  and 
Sachs  from  crystalline  Kombe  strophanthin  (air  dry)  was  58%, 
from  amorphous  Kombe  strophanthin  50%,  and  from  hispidus 
strophanthin  45  '-/r . 

Air-dry  crystalline  Koml)e-strophanthin  C4oH-,;Oi-+3  H^O 
contains  57.11%  anhydrous  strophanthidin  (C27H.,5,0-). 

It  is  interesting  to  note  that  the  yield  of  strophanthidin  from 
amorphous  Kombe  strophanthin  and  from  hispidus  strophanthin 
is  less  than  from  crystalline  Kombe-strophanthin,  thus  indicating 
(cf.  the  later  pentose  estimation  in  amorphous  strophanthin)  that 
the  non-strophanthidin  moiety  is  larger  in  hispidus  and  amor- 
phous Kombe-strophanthin  than  in  the  crystalline  Kombe 
strophanthin. 


CRVSTALLIXE    KOMBE-STROPHANTHIX. 
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Aver,    ro   OCH3 

55.43 
7.56 

60.50 
7.62 

783 
50-53 

boll   4'7r  and 

1%   HCl 
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3.6 

+44.26 
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68.57 
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3.3 
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8.01 
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OCHs  In   suKar 

(a.)   Strophanthln  prepared   by  Merck   from   hispldus  gave  Kohn   and  Kulisch   the   .«^ame   re- 
suit.t. 

(b)  Strophanthln  prepared  by  Schuchardt  from  hispldus  pave  Feist  the  .^ame  result. 

(c)  Strophanthidin  containing  chrystalmethylalcohol  was  dried  at  100°. 


Itoiii  llii.s  lahlc.  it  .^(.■l■ms  \  crx-  prohahlc  thai  .Xniaud  scparalctl 
llu-  same  (.TN  sialliiH-  stropliaiUliin  as  \vc  did.  hul  l)\-  recrystallizinti' 
it.  coiivcrtc'd  it  into  llu'  amorphous  niu'.  and  iisiii^'  aniorplious 
stropliantliiii  for  lii>  romhiistion  (  suiiposiiii^  it  to  l)e  a  ludratc. 
wliirli  l)\  dr\  iiij^f  could  ,i,M\e  oft  the  water)  came  to  wronm  eoii- 
ehisioiis. 

The  strophanthin  of  Kohn  ami  Kiihseh  lias  a  dill'iTent  sjiecilir 
rotation  and  !4i\es  hy  splitting  a  dilVereiit  sti-o])liantliidin.  wliirh 
ma\'  he  dui-  to  the  method  of  i-lea\a}.(e. 

ll  would  he  interest  ill).,'  to  iin  esti},'ate  otlur  stroplianthus 
species,  or  to  prepare  Komhe-strophanthin  from  ."^tiophaiithus 
Komhe  sci'(|  at  ililtiTeiit  sta,L;e^  (d  ripeness  in  an  endeavor  to  ob- 
tain   the   strophanthin   of    Kohn    and    Kulisch.      ll    ma\    he    stated 


here  that  tlie  formula  and  clea\a^e  ecitiation  which  Feist'-''  de- 
(kiced  from  the  data  of  Kohn  and  KuHsch  best  interpret  their 
resuhs. 

The  table  shows  the  exact  coincidence  of  our  results  with  the 
analytical  data  of  HetTler  and  Sachs;  with  the  excei)tion  of  the 
figures  for  the  combustion  of  strophanthidin  and  the  (iuantitati\e 
estimation  of  strophanthidin. 

Meffter  and  Sachs  seemed  to  have  the  same  dilliculty  as  Feist 
in  ol)taining  an  anli\(lrous  stroi)hanthidin.  It  is  interesting  to 
note  that  drying  in  a  heated  vacutim  readily  yields  an  anhydrous 
strophanthidin.  This  is  shown  by  the  agreement  of  the  analytical 
data  with  the  calculated  figures  and  with  the  data  ol)tained  by 
Feist  for  his  strophanthidin,  which  was  obtained  b\-  driving  off 
methyl  alcohol  from  methyl  alcohol  containing  str()[)hanthidin. 

The  quantitative  estimation  of  strophanthidin,  applied  by 
HetTter  and  Sachs,  gives  undoubtedly  the  best  results. 

When  we  compare  the  results  of  Feist  with  our  own,  the 
question  arises :  Are  the  differences  due  to  the  use  of  Fraser's 
method?  By  ap[)lving  the  method  of  Fraser  on  Stroj)hanthtis 
Kombe  seed  a  difficulty  arises,  how  to  remove  the  lead  and  the 
nitrogen.  The  same  trouble  was  mentioned  by  Thoms,-''  who 
presented  another  method  which  gave  him  an  ash  and  nitrogen 
free  amorphous  strophanthin.  ( Jerrard'-'  also  stated  that  the 
method  of  Fraser  is  not  clearly  published  and  suggests  the  re- 
mo\al  of  the  lead  with  hvdrogen  sulphide.  When  we  compare 
the  first  and  second  methods  of  i)reparation  used  by  Fraser  (men- 
tioned before)  we  observe  that  in  the  one  first  described  the 
lead  is  removed  by  passing  carbon  dioxide  for  sczrral  lionrs 
through  the  solution  of  strophanthin  ;  in  the  second  method,  car- 
bon dioxide  is  passed  for  two  or  three  days.  It  would  seem, 
therefore,  that  Fraser  himself  had  trouble  in  removing  the  lead. 
The  explanation  of  this  is  that  there  is  present  a  lead  salt  of  acid 
strophanthin  which  cannot  be  decomposed  by  CO.^.  Boehringer 
&  Sons,  who  prepared  the  stroj)hanthin  used  by  Feist  in  his  ex- 
periments, followed  the  process  of  Fraser.  By  ai)plying  the 
method  of  Gerrard  (  which  is  similar  to  Fraser's  )  a  brittle  amor- 

==Berichte,   1900,  3.S,   p.  20G7. 

-•"Berichte,  31,  p.  271  and  404. 

-•PlKinii.  Jour,  and  Trans.,   IT    (ISST),   p.  923. 
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l)lious  ash  and  nitrogen-free  strophanthin  was  obtained  which 
contained  T.OJr'/c  H.O  (dried  at  105°  in  vac.)  ;  0.2983  gm.  stroph- 
anthin (ace.  to  Gerrard)  dried  at  105'  in  vacuo  gave  0.1938  gm. 
IIoO  and  0.5945  gm.  CO.,,  or  in  percent : 

e=58.82  and  H=7.80. 

AUliough  the  investigations  are  not  yet  fniishcd,  it  can  he 
stated  tliat  at  least  two  closely  related  glucosides  are  present. 
One.  the  crystalline  Kombe-stroi)hanthin.  and  another  apparently 
amorphous  strophanthin,  both  viclding  the  same  strophanthidin. 
The  acid  aniorijhous  slroplianihin  oljlained  from  the  crvstallinc 
glucoside,  while  showing  nearly  the  same  molecular  weight,  is 
found,  as  will  api)ear  later,  to  be  onl\-  one-third  as  toxic  to  frogs 
as  the  crystalline  stro])]iantbin.  Tlic  stropliantliin  inxcstigated 
by  Fraser  and  by  Feist  is  prol^ably  identical  with  the  amorphous 
preparations  of  stroi)hanthin  ])re])ared  by  Ileffter  and  Sachs  (the 
analytical  data  are  not  taken  u])  in  the  tal)lc)  and  with  the  prep- 
aration which  we  made  according  to  the  method  of  Gerrard.  The 
toxicity  of  this  amorphous  preparation  is  almost  the  same  as  that 
of  crystalline  strophanthin.  If  this  amorphous  strophanthin  were 
merely  a  mixture  of  crystalline  strophanthin.  and  its  acid  amor- 
phous modification,  this  mixture  would  be  less  toxic  than  that  of 
the  crystalline  variety  unless  it  contained,  besides  the  two,  an- 
other of  greater  toxicity  than  that  of  the  crystalline  strophanthin. 
As  no  such  product  is  known,  it  follows  that  only  a  minute  (|uan- 
tity  of  the  acid  derivative  is  associated  with  the  natuially  occur- 
ring aiuorphou-^  slrophanthin. 

Rhanmose  is  an  easily  crystalli/able  substance  and  readily 
yields  methyl furfurol.  It  is  thus  dillicult  to  understand  why 
I'^ci^t  was  unable  to  obtain  rhanmose  in  a  crystalline  state,  not- 
withstanding that  he  obtained  strophantobiose  metli\  1-ether  as  a 
crystalline  body,  and  only  by  distilling  this  sugar  complex  with 
30%  sulijhuric  acid  was  methyl  fur  I'uiol  indicated.  It  is  ])erhaps 
not  stiperfluous  to  consider  the  close  relaiioiisliip  of  I  inanno.se 
an<I  rhanmose  as  seen  by  the  structmal  formula  (  W  iiulier'-'*  and 
I  iudson'-" ). 


-"Bcriiliic,  2h,  \i.  ;i(M)0. 

=»'J<iiir.  of  Amcric.   Clu-iii.   S<>c.,    1010,  :tL',   ]>.   :U'<.  and   p.   8S0. 
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l-niannosc  rhamnose 

OH  OH 

I C  <  C  < 

I    I  H  I  H 

I   HCOH  HCOH 

O    I  O    i 

i   HCOH  I   HCOH 

I — CH  I — CH 

i  I 

HOCH  HOCH 

1  I 

CH=OH  CH. 

\\c  found  further  that  in  large  amounts  mannose  does  yield 
a  furfurol  derivative.  Five  gm.  d-mannose  gave  0.269  gm. 
blackish-brown  phloroglucid.  According  to  Alberda  van  Eken- 
stein  and  Blanksma'''"  no  furfurol.  but  /3-oxy  (^-methylfurfurol 
is  formed  b\'  the  action  of  hydrochloric  acid  on  hexoses.  Both 
are  precipitated  by  phloroglucine.  Amorphous  Kombe  strophan- 
thin  Merck  was  also  distilled  with  12.57o  HCl  in  an  endeavor  to 
obtain  the  phloroglucid  of  (methyl)  furfurol.  1.000  gm.  of 
amorphous  strophanthin  ]\Ierck  yielded  0.05<J8  gm.  of  a  dark- 
green  phloroglucid,  which  indicated  a  pentose.  According  to  the 
formula  of  Tollens  (Journ.  f.  Landwirtschaft  1900,  p.  3T9  )  : 

pentose=(A+0.0053)Xl.017 

gives  6.3%  pentose. 

Another  experiment  1.000  gm.  amorphous  strophanthin  Merck 
yielded  0.05TT  gm.  dark-green  phloroglucid,  or  6.4%  pentose. 

We  have  not  as  yet  determined  whether  this  phloroglucid  is 
a  mixture  of  methyl  and  furforol  phloroglucid. 

Two  molecules  of  crystalline  Strophanthin  united  by  a  pen- 
tose can  explain  these  observations,  but  further  experiment  must 
decide. 

APPENDIX. 

While  it  is  known  that  more  than  20  ditferent  species  of 
.Strophanthus  seed  may  be  present  on  the  market''^  there  are  but 
three  different  strophanthins  (Kombe-strophanthin,  hispidus- 
strophanthin  and  gratus-strophanthin  or  ouabain)  of  which  any 
chemistry  is  known.  It  is  a  little  astonishing  that  only  at  the  end 
of    a    controversy    of   very    well    known    pharmacognosists    and 


3»Chemisch  Weekblad,   1900,   p.  217. 

"'Blondel.  Joiini.   de   Phann.   et  de  Cliem.,   1S6S,  I,   p.  297. 
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botanists,  regardiu"^  the  (|Uestion.  "'What  kiiul  of  Strniihanihus 
for  tlie  I'harniacojXEia,  in  relation  to  the  (jtiestion.  what  kind  of 
Strophanthus  should  he  taken  for  culttire?"  Artlun-  Meyers- 
comes  to  the  conclusion  that  it  would  be  better  to  investif];ate  first : 

1.  W'liich  glucosides  are  contained  in  the  seed  of  Str(>i)hanthus 
Konibe  and  of  Strophanthus  liisi)idus?  Are  they  the  same  or 
diti'erent  ? 

'i.  Is  tlie  clinical  action  of  l)olh  druses  and  the  resi)ecti\e  tjlu- 
cosides  the  same?     If  not.  which  drug  is  to  be  preferred: 

In  this  ])a]^cr  we  have  attempted  to  answer  the  c|uestion  rela- 
ti\e  to  the  chemistry  of  Stro])hanlhus  Kombe,  and  I  1  ether  an.d 
Sachs  have  done  like  service  for  the  Stro])hanthus  hisjjidus  seed. 

In  connection  with  the  results  of  Ileft'ter  and  Sachs  the  fol- 
lowing experiments,  which  ha\e  been  made  with  unidentified 
Strophanthus  hispidus  seed,  seem  to  us  also  worthy  of  publica- 
tion. We  were  able  to  obtain  on  the  X.  V.  market  17  kg.  of 
Strophanthus  hispidus  seed  which  could  l)e  used   for  ex|)eriment. 

■  ').')  kg.  powdered  hisjiidus  seed  were  exti'acted  twice  with 
petroleum  ether  and  gave  '.)•')()  gm.  of  a  green  oil.  or  "J  >.!','  . 

The  remaining  fat-free  powder  was  jjercolated  with  eight 
times  its  weight  of  TO'/,'  alcohol.  The  alcohol  w.is  distilled  oft'  in 
\acuo  uiuil  about  ]  liter  fluid  remained.  This  lluid  was  purified 
with  lead  subacetate  solution  and  further  treated  as  described 
before.  biU  no  cr\stals  of  a  glucoside  coidd  be  obtained.  There- 
fore, we  tried  to  ])repare  the  strophanthidin  out  of  this  extract. 
.\  large  aniouiU  of  strong  alcohol  was  added,  the  ])recipitatc  M- 
tered  and  the  alcohol  of  the  liltrate  remo\  cd  li\  distillation  in 
vacuo. 

'I"lu'  following  metho(l  was  used:  .".i»  gm.  of  the  thick  ])Urilied 
extract  was  boiled  with  !")<•  cc.  I','  1  k..^(  ),  in  ,in  l-.rUnnu'yer  tlask 
of  ."(iHi  cc.  ca])acity,  until  the  fluid  becomes  just  tiubid.  The  fluid 
is  now  <|uickly  cooled  to  about  •"■)'•  and  the  oilv  brown  drops  are 
broken  with  a  glass  rod  against  llu'  walU  of  the  I'lleinneyer  llask. 
until  all  is  reduced  to  ;i  \  dlowish-w  bile  crystalline  ])owd(r.  It  i^ 
important  to  do  this  i-xactly.  though  it  takes  about  one-half  hour 
to  get  it  powdered  in  this  way.      ihe  strophanthidin  cau  be  sucked 

""(iilK:    Hcriclilc  clcr  l)ciit»i-li.  jiliarin.  (u-si-1Im-1i..    I!i(t2,   |i.    IS;}. 

.Nrlluir  Mcycr:    Arcliiv.  d.    I'hartn..  'H.i,  \<.  .'{'il. 

Il.irtwiili:     Aiiolli.  Zril.   a2.   i>.   1017. 

•  IiIk:     Heric'lil.   <\rr  iIimiImIi.  ipliarm.   (ii-sc-llsili.,  IS,   p.  '2Hi. 

.\rlliiir  Mtyer:     Arfliiv.   it.   I'haiiii.,  21(1,   |i.   :>ll. 
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t)tt  on  a  hardened  Idler  and  washed  with  a  little  warm  water  until 
neutral.  The  }iel(l  of  im[)urc  strophanthidin  was  about  Hi  sj^ni. 
Jdiis  strophanthidin  was  repeatedly  recrystallized  from  boiling 
alcohol. 

After  separating  the  impure  strophanthidin  the  filtrate,  wdien 
again  boiled  for  2i)  minutes  and  treated  in  the  same  way,  gave 
but  a  small  yield  of  strophanthidin. 

Proj^crtics.  Under  the  microscope  this  purified  strophan- 
thidin shows  the  same  shape  of  cr}'stals  as  Koml)e  stroplian- 
ihidin. 

Melting  point.  The  air-dried  and  anhydrous  strcjphanthidin 
has  the  same  melting  point  as  Kombe  strophanthicHn.  At  about 
130°  C.  the  air-dried  substance  softens  and  at  ITU'^  C.  it  melts. 
The  fused  mass  resulting  from  melting  and  cooling  the  air-dried 
product  now  melts  at  about  '^IJS"^  C.  By  drying  in  \acuo  at 
110'^-115°  C,  strophanthidin  free  from  water  of  crystallization 
could  be  obtained.  Found:  3.9%  HoO  calculated  for  Co7H.,;^0--f- 
H.O,  3.6G%-  H,0. 

Specific  rotation.  (i..-)!)(M)  gm.  air-dr}-  strophanthidin  was  dis- 
sohed  in  '3-")  cc.  methyl  alcohol. 

/  =  2  (a)        100(7 

Z)= =  44.07 

a  =  +2.08°  /  c 

Fniind  for  Kombe  strophantliidin    (a)D  =  ^44.29. 

Coiiihiistioii. 

I.  0.2345  gm.  air-dry  strophanthidin  gave  0.1721  gm.  HjO  and  0.5681  gm. 
CO... 

II.  0.2070  gm.   air-dry   strophanthichn  gave   0,1489  gm.   It/)   and   0.5027 
gm.  l"(),. 

( )r  in  i)crccnt : 

I  II  Calculated  for  C.tH.Ov-^H.O 

C      66.06  66.04  65.80 

H        8.22  8.04  8.20 

III.  0.2339  gm.   stroplianthidin   dried   at   ]00'-115'   in   vacuo  gave  0.1654 
gm.  H,0  and  0.5848  gm.  CO... 

Or  in  percent  : 

III  Calculated   for  CtH.^Gt 
C    68.17  68.30 

H      7.93  8.09 
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From  the  conf(:)nnitv  of  these  pli_\sical  and  chemical  i)roper- 
ties  we  conclude  that  this  strophanthidin  and  Kombe  strophan- 
thidin are  identical. 

It  was  not  possible  to  o])lain  a  crystalline  glucoside  out  of 
these  strophanthus  iiispidus  seed,  but  the  strophanthidin  obtained 
from  this  glucoside  could  be  identified. 

It  seems  important  for  a  systematic  study  of  the  strophanthus 
seed  species  and  for  related  s])ecies  in  general  to  differentiate 
between  their  strophanthidins.  A  quantitative  estimation  of  the 
strophanthidin  not  only  forms  a  con\enient  method  for  chemical 
assays,  but  also  their  idcntihcation  is  an  imijortant  factor  in  de- 
termining the  species. 

!M1\'S1(  )].(  )(;K"A[.. 

The  physiological  acti\it\'  of  crxslalline  Kombe  strophanihin 
was  investigated  by  the  method  of  Houghton  ■'  for  the  standardi- 
zation of  heart  tonics  of  the  digitalis  series. 

This  method  is  based  on  tlic  mininunn  lethal  dose  to  frogs. 
As  there  is  considerable  variation  in  the  lethal  di>se  of  this  series 
for  frogs  at  different  seasons,  etc.,  it  bet-onies  necessary,  in  order 
to  (jbtain  comparable  results,  to  deternniie.  not  the  toxicity  of  the 
sample  i)er  se,  but  its  ratio  to  th;il  of  .i  heart  tonic  ]ire|)aration  of 
definite  strength  (the  standard  i.  We  are  thus  inde])en(lent  of 
\ariation  in  the  resistance  of  frogs.  The  mininuim  lethal  dose 
of  the  standard  is  an  rxf^criiiwiital  \alue,  while  the  heart  ionic 
unit  (11.  T.  U.j"'  is  an  adopted  one  ;ind  will  be  discussed  l.iler  in 
connection  with  the  e.xperiments. 

."^iute  Kombe  .'^tro])li;inihus  seed  is  adtipled  as  official  by  the 
I'harmacopu'ias  of  most  countries,  it  is  of  re.il  importance  that 
the  active  ])rinciple  of  Koiube  seed  be  U'~e(l  in  comparing  the 
activity  of  galenical  prep;ir;itions  of  stroph;inthus. 

In  the  case  of  digitalis  uIumi-  ;i  number  of  dilVerenllv  acting 
bodit^  m;i\'  be  present,  no  one  can  be  u^ed  ;is  a  b.isis  for  com]);ir- 
ing  the  thera])eutic  value  of  its  galenical  pr(.p;ir;ilions.  There- 
fore, sinci-  it  is  im|)OSsible  ;it  liii-  pn-sent  time  to  detirniine  the 
amount  of  each  of  the  active  bodies,  it  is  better  to  t.iki'  a  t\pic;il 


'"Jr.  Am.  Mi-<l.  .\s.s..  Vol.  .'U.  \>.  O.'.B,    l.>^ll."i. 
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lieart  tonic   like  crystalline   Konibe   s.troplianiliin    for   such   com- 
parisons.''" 

In  the  following-  experiments  froijs  (  Rana  I'ipiens)  of  from 
ten  to  thirty  grams  were  tised,  hut  with  onl}-  five  grams  dilit'erence 
in  the  weight  of  frogs  for  any  one  comparison,  'ilie  material 
was  used  in  stich  concentration  that  about  O.T)  cc.  was  needed  for 
an  injection.  The  injections  were  made  by  inserting  the  needle 
through  the  mouth  into  the  \entral  lymph  sac.  The  frogs  were 
kept  in  cages  in  a  trough  of  running  water,  and  at  the  end  of 
twelve  hours  the  frogs  were  examined  and  the  results  noted. 

The  toxicit}-  of  crystalline  Kombe  strophanthin  is  compared 
with  that  of  some  other  strophanthins  in  Table  I.  The  results 
are  calctilated  for  crystalline  Kombe  strophanthin.  at  the  mini- 
mum lethal  dose  (  AI.  L.  D. )  of  O.OOOOOl  gm.  ])er  gm.  of  frog, 
which  was  found  to  l)e  the  mean  AT.  L.  D.  for  the  vear. 

T.\m.E  I. 

M.  L.  D.  per  gm. 
of  frogs. 

Crystalline  Konihe  strophanthin   (  fr.  Ident.  K. ) 0.000001      gm. 

Amorphous  acid  strophanthin   (derived   fr.   above) 0.0000031    gm. 

Crystalline  gratus   strophanthin    (Ouabain   Merck) 0.00000042  gm. 

Amorphous  Kombe  strophanthin   (Merck) 0.00000094  gm. 

Amorphous  Koml)e  strophanthin   (P.  D.  &  Co.) 0.00000097  gm. 

Crystalline  Kombe  strophanthin   (fr.  Kombe  of  trade)....   0.00000095  gm. 
.Xniorphous   acid  strophanthin    (derived   fr.  above) O.OOOOOvil    gm. 

It  is  seen  that  the  crystalline  gratus  strophanthin  (Ouabain 
Merck)  is  al)0Ut  twice  as  toxic  as  crystalline  Kombe  strophanthin 
and  the  amorphous  acid  strophanthin  from  cry.  K.  strophanthin 
is  practically  one-third  as  toxic.  The  amorphous  Koml)e  str()])h- 
anthin.  Iwth   P.   D.   &   Co.   and   3ilerck.    and  also   the  crystalline 


'■"'It  has  been  sugge.sted  that  crystalline  gratus  strophanthin  be  used  for  such  a 
standard.     However,   there  are  a  number  of   disadvantages  in  its  adoption. 

It  has  never  been  exactly  determined  whether  the  resistance  of  frogs  to  the  lethal 
dose  of  ditiferent  heart  tonics  varies  ditTerenlly  as  the  susceptibility  of  the  frog  changes 
with  the  season,  etc.  If  crystalline  Kombe  strophanthin  is  taken  as  a  standard  this 
does  not  enter  into  consideration  with  Strophanthus  preparations.  W'ith  Digitalis  we 
have  a  large  volume  of  data  which  shows  that  this  ratio  remains  very  constant,  while 
with   gratus  Strophanthin  very  little   data   is  available   which  bears  viP'On   this  point. 

Gratus  Strophanthin  or  Ouabain,  while  a  nicely  crystalline  body  may  contain 
variable  amounts  of  water  of  crystallization,  and  as  it  does  not  yield  a  crystalline 
strophanthidin  the  study  of  its  chemistry  is  under  a  disadvantage  and  the  identity  of 
the  glucoside  is  to  that  extent  luicertain.  Now  that  we  have  a  crystalline  Kombe 
strophanthin  of  definite  physical  and  chemical  ])roperties  that  yields  in  addition  a 
readily  crystallizing  strophanthidin  so  that  the  identity  of  the  glucoside  can  be  re- 
liably determined,  there  is  an  advantage  in  acln]iting  crystalline  Komlie  strophanthin 
for   such   a   standard. 
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Kombe  stroplianthin   from   trade  Konilje   seed,   show   practically 
the   same   toxicity   as  the  crystalline   Kombe   strophanthin    from 
identified  Kombe  seed. 

The  mean  lethal  dose  was  determined  for  crystalline  Kombe 
strophanthin  from  the  average  of  a  large  number  of  tests  in  com- 
parison with  a  tincture  of  Strophanthus,  of  which  the  yearly 
mean  lethal  dose  was  known. 

The  results  are  found  in  Tal)le  II : 


standard  Average  Tr.  of  Kombe 
Strophanthus.   (1) 

Crystalline  Kom 

be  strophanthin 
70%  ale.   (2) 

C.  p.  In  solution 

Date. 

Dose  per  gm. 
of  frog  In  cc. 

Re 

suit 

Dose  per  gm.  of 
frog  in  gm. 

Result 

Corrected  for 

Tr.  killing  at 

.000075. 

L. 

D. 

L.   1   D. 

1910 
Mar. 
10  to 

22 

.000060 
.000065 
.000070* 

6 
5 

0 

4 

10 

.OOOOOOS 
.0000009* 

3 

0 

0 
3 

.00000085 
.00000097* 

Apr. 
8  to 
11 

.000080 

.000085* 

.000090 

5 

1 
0 

1 
3 

4 

.0000010 
.0000011 
.0000012* 

4 
1 
0 

0 
3 

.00000088 
.00000099 
.00000106* 

June 
27.  28 

000065 
.000070* 
.000075 

1 
0 
0 

0 

.0000008 
.0000009 
.0000010* 

3 
4 
0 

1 
1 
6 

.00000086 
.00000097 
.00000107* 

July 
23.  25 

.000060 

.000065* 

.000070 

2 
0 

0 

0 
3 

4 

.0000007 
.0000008 
.0000009* 

1 
1 
0 

0 

1 
3 

.0000008 

.00000092 

.00000104* 

Aup. 
to  3 

.000050 
.000055 
.000060* 

5 
3 

1 

1 
4 
3 

.0000007 

.OOOOOOF* 

.0000009 

6 

1 
0 

1 
5 

.00000088 

.000001* 

.0000011 

Sept. 
6  to 
1» 

.000055 

.000060* 

.000065 

I 
0 

0 

4 

.0000006 
.0000007 
.OOOOOOS* 

1 
3 
0 

0 
1 

.00000075 
.00000088 
.0000010* 

Oct. 

28.  29 

.000070 
.000075* 

10 
3 

0 

.0000009 

.00000095 

.0000010* 

5 
0 

1 

s 

10 

.0000009 

.00000095 

.0000010* 

Nov  1 

.000066 
.000069 
.000072* 

0 

0 

1 

.0000009 

.00000095* 

.0000010 

3 
0 
0 

0 
4 
3 

.00000094 

.00000099* 

.00000104 

Dec. 

.000070 
.000075 
.000080* 

2 
0 

0 
0 

.0000009 

.0000010 

.0000011* 

2 

:i 

0 

0 

1 

.onooonsi 

.000110094 
.00000103* 

I911 
Mar. 

.000080 
.000085 
.000090* 

4 
3 
0 

0 

1 

(3) 

.0000010 
.0000011 
.0000012* 

7 
4 
0 

1 
G 

.00000084 
.00000092 
.0000010* 

Oct. 
38  to 
Nov.  2 

.000055 

.000060 

.000065* 

.000070 

.000075 

6 
4 
2 

0 

2 
Ifi 
6 

(4) 

.00000070 

.00000076 

.00000080 

.00000085* 

.00000090 

.00000096 

2 
5 
1 
0 

1 

0 

6 
4 

4 
■   8 

.00000080 

.00000086 

.00000092 

.00000098* 

.00000104 

.0000011 

1912 
Apr  2B 
May  8 

fi000« 
00007* 

0 

n 

2 

(4) 

.0000007 
.OOOOOON 
.0000009* 
.000001 

(6) 

11 
4 
I 
0 

4 
8 

7 

.00000076 
.00000086 
.00000097* 
.00000107 

July 
34 
Aur  } 

.000056 

onno«o 

II0007C* 

9 

K 
5 
0 

11 

.00000075 
.00000080 
.00000086 
.00000080* 

7 

Ifi 

7 

0 

0 

1 

12 

16 

.00000080 
.00000086 
.00000090 
.00000097* 

Avcrar*   .000072 

.00000096 

1     .00000100 
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(1)  The  standard  tincture  was  kept  in  the  refri<^erator. 

(2)  The  crystalline  Kombe  strophanthin  (  1  in  loOo)  in  70% 
ethyl  alcohol  was  kept  at  room  conditions  in  anil)er  vials  sealed 
to  prevent  evaporation.  A  solution  made  June  27,  1!)lO,  was 
used  in  all  tests  except  those  made  April  and  June,  It)  Hi,  unless 
noted. 

(3)  Part  of  these  were  from  solution  freshly  luade  up. 

(4)  These  were  from  solutions  freshly  made  up. 

(5)  Part  of  these  were  from  solution  freshly  made  up,  and 
l)art  from  solution  made  up  September,  1911,  and  part  from 
solution  of  June,  1910  (cf.  table  of  permanency.) 

The  value  .000001  gm.  per  gm.  of  frog  for  the  M.  L.  D.  is  the 
mean  of  the  first  year's  lethal  doses  for  crystalline  Kombe 
strophanthin.  If  the  lethal  dose  of  the  standard  tincture  is  taken 
at  .000075  cc.  per  gm.  of  frog  for  the  mean  M.  L.  D.  of  the  year, 
the  toxicity  of  crystalline  Kombe  strophanthin  comes  out  almost 
exactly  .0000010  gm.  per  gm.  of  frog. 

The  value  .000075  cc.  for  the  average  lethal  dose  for  this  tinc- 
ture of  Kombe  Strophanthus  is  based  on  the  average  of  a  very 
large  number  of  tests,  extending  over  a  number  of  years.  It  was 
the  standard  previously  used  for  determining  the  strength  of  all 
the  heart  tonics  manufactured  by  Parke,  Davis  &  Co. 

It  seems  established  that  the  mean  M.  L.  D.  for  crystalline 
Kombe  strophanthin  is  .0000010  gm.  per  gm.  of  frog  ( Rana 
Pipiens  of  10  to  30  gm.) 

Other  methods  for  determining  the  physiologic  value  of  heart 
tonics  were  compared  on  this  crystalline  Kombe  strophanthin. 

The  time  necessary  for  a  frog's  heart  to  cease  beating  has 
been  proposed  by  Focke^*^  as  a  method  for  comparing  heart  tonic 
preparations. 

He  endeavors  to  determine  the  value  of  a  preparation  by  the 

P 

relation  y'  = where  P  is  the  weight  of  the  frog,  D  is  the 

D.T. 

dose  of  the  material,  and  T  is  the  time  elapsing  before  complete 
cessation  of  the  ventricle  beat  occurs. 

The  results  with  crystalline  Kombe  strophanthin  on  the  heart 
of  frogs  are  seen  in  Table  III: 
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TABLE  III.    Focke  Method. 
Crystalline  Kombe  strophanthin. 


Dose  per  gm.  of  frog. 

0.000001  gra. 

0.0000015  gm. 

0.000002  gm. 

Intervals  in  minutes  until 

ventricles  stopped 

beating. 

11  Min. 
14      " 
13      " 
16      " 
10      " 

13  Min. 

14  •• 

12      " 
12      " 
10      " 

9  Min. 

10  •• 

11  ■' 

10  •• 

11  '■ 

13  Min. 

12  Min. 

10  Min. 

9/27/10 

Dose  per  gm.  of  frogr. 

0.000001  gm. 

0.0WHX)2  gill. 

0. 000004  gm. 

Intervals  in  minutes 

19  Min. 
18      " 
15     ' 
9     " 
10    ■' 

16  Min. 
13       • 
10       " 
15      " 

11  Min. 
10     ■■ 

8     '• 

6      " 

10     •• 

Average 

16  Min. 

13.5  Min. 

9  Min. 

The  lack  of  uniformity  in  the  above  table  is  not  surprising  to 
anvone  who  has  observed  the  gradual  and  erratic  cessation  of  the 
ventricle  beat.  'I'lie  personal  factor  largely  enters  on  account  of 
there  being  ikj  sharp  end  point.  After  the  ventricle  has  stopped 
beating,  a  slight  jar  or  noise  will  often  induce  muscular  move- 
ments of  the  frog  sufficient  to  force  blood  into  the  venlridc,  when 
it  will  start  up  and  beat  again  for  some  time. 

We  found  the  method  \ery  unsatisfactory  and  agree  with 
Ivdmunds  and  liale'^  when  the}'  say.  "We  belicxc  thai  this 
method  allows  (»f  greater  \ariations  and  inaccuracies  than  any 
other  method  we  em])loyed." 

If  the  frogs  are  examined  al  llic  end  of  oik'  Itoiii"  for  coni- 
])lete  sl(jppage  of  the  heart  in  systole,  a  more  uiiitMrni  result  is 
obtained,  as  apjiears  from  Table  \\  : 

T\H  ,!■;   IV. 
Crystalline  Kombe  strophanthin  <fr.  identified  sced.i 


0  000(H)Ugm.              0.I1000OI2  gm. 

0.0000013  gm. 

3  beating                   6  beating 
0  stopped         j          1  stopped 

0  beating 
7  stopped 

Dose  per  gm.  of  frojr. 
ConditiotiH  of  heart  iil  1  lumr. 


We  beliexe  any  ]>hysiologic  method  for  the  assay  of  heart 
tonics  should  have  as  a  basis  some  delinile  standard.  (•.//..  Tr. 
Slroph.-inthus.  or  belter,  i-rystalline  strophanthin.  Tlu'  sharper 
and  more  detinitt-  the  end  poiiU  tlu-  more  (.•xictly  can  pliysiologi- 
cal  reactions  be  compared. 


■Bulletin   i>^,    IlyKJi-iiif    I,alii>r:iliiiy,   p.   4.'>. 
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Protocol  of  the  toxicity  tests  of  Xovcmbcr  I.  I  ".MO: 


TABLE   V. 


Cry.    K.    strophanthln. 

Amor,  acid  strophanthin   from 
cr.v.    K.    strophanthin. 

Standard  Average   Tincture. 

Dilution   1   in   50,000 

3 
IB 

a) 

W!o 

Dilution   1   in   12.500 

3 

g2 

Dilution    1    in   500 

3 

a 

n 

Dose    in 

gm.    per 

gm. 

Full 
dose 

Dose    In 

gm.   per 

gm. 

Full 
dose 

Dose    in 

cc.    per 

gm. 

Full 
dose 

1 

13.5 
14.0 
16.0 
14.0 
14.0 
14.5 

.00000090 
.00000090 
.00000090 
.00000095 
.00000095 
.00000096 

.605   cc. 
.63     cc. 
.72     cc. 
.665   cc. 
.665   cc. 
.69     cc. 

L. 
L. 
L. 
D. 
D. 
D. 

21.5 
17.0 
17.0 
17.5 
17.5 
18.0 

.0000026 

.0000028 

.0000028 

.000003 

.000003 

.000003 

.70     cc. 
.895   cc. 
.595   cc. 
.655   cc. 
.655   cc. 
.675   cc. 

L. 
L. 
D. 
D. 
D. 
D. 

16.5 
16.5 

17.5 
20.5 
17.5 
20.5 

.000066          .545   cc. 
.000066         .64     cc. 
.000069         .60     cc. 
.000069         .70     cc. 
.000072         .65     cc. 
.000072         .74     cc. 

L. 
L. 

L. 
D. 
D. 
D. 

In  the  case  of  warm  l)loode(l  animals  the  toxicity  cannot  logi- 
cally l)e  translated  into  heart  action,  since  death  is  with  them 
generally  due  to  failure  of  respiration. 

The  toxicity  for  small  warm  blooded  animals,  when  injected 
sul)cutane()usl\-,  is  given  in  Table  \T  : 


TABLE   VI. 


Animals 
used. 

Crystalline   Kombe 

strophanthin. 

Lethal   dose    per 

gram   of  animal. 

Guinea-pigs 

Tame    mice 

Tame   rats 

Wild    rats 

.0000004     gm. 
.000009        gm. 
.00006          gm. 
.000009        gm. 

Amorphous   acid 

Kombe  strophanthin. 

Lethal    dose   per 

gram   of  animal. 


Standard  Tr.  K. 

Strophanthus. 
Lethal  dose  per 
gram  of  animal. 


.0000010  gm. 

.000025  gm. 

.00005  gm. 

.00008  gm. 


.00095  cc. 
.0005  cc. 


The  guinea-pigs  were  invariably  killed  by  failure  of  respira- 
tion and  the  heart  was  found  to  be  in  diastole.  The  rats  and  mice 
generall}'  showed  a  failure  of  resi)iration  before  the  heart  action 
ceased,  and  the  heart  stopped  in  moderate  systole. 

Crystalline  Kombe  strophanthin,  in  aqueous  solution,  is 
changed  into  an  amorphous  acid  strophanthin  when  l)oiled.  As 
the  toxicity  of  this  amorphous  acid  strophanthin  is  only  one-third 
that  of  the  crystalline  glucoside.  it  seemed  important  to  obtain 
exact  figures  of  this  change. 

A  solution  of  crystalline  Koml^e  strophanthin  in  ])ure  water 
(1  in  ;^()()(»)  was  vigorously  boiled  over  a  free  tlame  for  fifteen 
minutes,  cooled  and  made  up  to  volume.  This  tested  against  the 
unboiled  portion  showed  a  loss  of  alxiut  15*/^,. 

A  solution  of  gratus  strophanthin  ( Oual)ain  Merck) 
( 1-'^ .").()()() )  in  pure  water  was  \igorously  l)oiled  o\er  a  free  flame 
for  tifteen  minutes,  cooled  and  made  U|)  to  xolume.  This  tested 
against  the  unboiled  ])orlion  showed  about  lO'v    loss. 
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As  such  a  change  is  to  he  expected  in  the  coUh  aUliough,  of 
course,  much  more  slowly,  it  is  important  to  determine  the  keep- 
ing qualities  under  ditterent  conditions. 

A  water  solution  (1  in  2000)  of  this  crystalline  Komhe 
strophanthin  was  made  up  and  kept  in  a  cork-stoppered  flask  at 
room  temperature.  At  the  end  of  two  weeks  a  heautiful  growth 
of  mould  was  present,  and  an  assay  showed  it  to  have  lost  50 
percent  of  its  activity. 

Crystalline  Kombe  strophanthin  and  Kombe  strophanthin 
(Merck)  were  then  made  tip  (1  to  200)  with  w^ater  containing 
4/10%  Trikresol  and  kept  at  room  temperature  in  sealed  con- 
tainers; no  loss  appeared  with  the  crystalline  glucoside  in  three 
months.  However,  the  amori)hous  preparation  of  Merck  showed 
a  loss  of  nearly  10  jjcrcent  within  the  limits  of  error. 

It  was  noted  that  a  small  amount  of  alcohol  prevented  the 
conversion  into  the  amorphous  acid  strophanthin,  and  was  taken 
advantage  of  in  conccnlraling  solutions. 

We  also  found  that  at  room  temperature  10  jiercent  alcohol 
preserves  the  activity  of  crystalline  Koml)e  stro])hanthin. 

The  marked  jjcrmanency  of  the  tincture  of  .^trophanthus  has 
long  been  recognized,  ll  seemed  desirable,  therefore,  to  examine 
this  crystalline  glucoside  from  ideiuilied  Kombe  seed  in  this 
respect. 

Solutions  of  crystalline  Kombe  strophanthin  (  1  in  looO)  were 
made  up  from  time  tf)  time  with  70%  alccjhol  (and  2  cc.  ])ortions 
sealed  in  glass  containers)  and  tested  on  frogs  against  the  old 
solutions,  with  the  rc-sults  gi\e!i  in  Table  \  11. 

The  results  of  over  two  years  sliow  the  realK  remarkable 
pciinanency  of  such  a  solution. 

.\'o  systematic  study  of  the  heart  action  was  undertaken. 
ilowe\er.  a  few  tyi)ical  tracings  showing  the  action  upon  the 
blood  ])ressin-e  and  heart  of  dogs  are  gi\en.  I'latc  I  shows  the 
action  of  crvstalline  Kombe  slroplianlhin,  and  II  that  of  its 
amorphous  acid  modilication.  Ihese  are  not  given  with  .any  view 
to  (|uan(itati\  e  comparison.  I'.Iood  ])ressure  effects  and  changes 
in  heart  action  in  warm-blooikd  animals  give  but  an  uncertain 
basis  for  comparing  heart  Ionics  on  account  of  the  long  duration 
of  the  action,  so  that  a  subscc|ucnt  injection  niay  show  a  cmuula- 
ti\e  effect.      Thus  tiie  resi)onsc  to  a  given  piiparation  lannol  be 
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compared  with  that  of  a  staiuhird  (jii  the  same  animal,  and  on 
different  animals  the  variation  is  too  large  for  practical  com- 
parison. 


TABLE  VII. 
Perniant-ncy  of  crystalline  Kombe  stroplianthin   In  70  Ethyl  Alcohol,  kept  at  room   tempera- 
ture  In   sealed   containers. 


Date  of  Tests 

Dose  In 
gm.  per  gm. 

Lived 

Died 

March   13  and   15,    1911.  .  . 

.000,001,0 
.000.001,1 
.000  001,2* 

.000.001,0 
.000,001,1 
. 000,001, 2» 

.000,000,70 
.000,000,75 
.000,000.80 
.000,000.85' 

.000,000,70 
.000,000,75 
.000,000,80 
.000,000,85* 

.000.000.80 

.000,000,85* 

.000,000,90 

.000,000,80 

.000,000,85* 

.000,000.90 

.000,000,80 

.000,000,85* 

.000,000,90 

.000,000,65 

.000,000,70* 

.000,000,75 

.000.000,65 

.000,000.70* 

.000,000,75 

.000,000.60 
.000,000,65 
.000,000,70* 

.000,000.60 

.000,000,65* 

.000.000.70 

.1 
0 
4 
0 

4 

6 
4 

5 

1 
0 

2 
0 
0 

0 
0 

1 
0 

1 

0 

3 
0 
0 

2 

0 

2 
1 
0 

1 
1 
3 

0 
1 
3 

0 

3 

10 

0 

,5 
4 

0 

2 

0 

0 

2 

1 
2 
3 

0 
3 
2 

0 
2 
5 

0 
3 
3 

Solutions  of  June  27.  1910. 

Solution  freshly  made  from  crystals 

Computed    from    standard    average 

1912    

tincture. 
Solution  freshly  made  from  crystals 

julv   24    

Solution  of  June  27,   1910. 

July    25 

Solution  of  Sept.   25,   1911. 

Solution  freshly  made  up. 

Solution  of  Sept.   25,   1911. 

Freshly  made  up. 

Solution   of  June   27,   1910. 
Solution  of  December  20,  1912. 

1 

Tests  in  connection  with  the  preparation  of  crystalline  Koml)e 
strophanthin  showed  that  strong  alcohol  precipitated  from  the 
tincture  of  Strophanthus,  salts  and  saponin  like  bodies  which 
carried  down  some  substances  very  toxic  to  frogs  and  which  gen- 
erally produced  a  fall  in  blood  pressure  and  weakened  heart 
action.  The  dried  precipitate  killed  frogs  at  .00002  gm.  per  gm., 
but  upon  purifying  by  reprecipitation  the  toxicity  and  depressor 
action  becomes  less  and  less.  A  typical  tracing  of  the  effect  on 
dogs  is  seen  in  Plate  III. 

The  amount  is  so  small  in  Strophanthus  preparations  that  it 
is  probably  of  no   therapeutic  importance,  although  in  ])repara- 
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tions  of  other  drugs"''  it  may  l)e  of  importance.  Stroj)hanthidin 
is  1,  10  as  toxic  to  frogs  as  the  cryst.  Kombe  strophanthin  from 
which  it  is  derived,  having  an  M.  L.  D.  of  O.OOOUO!)  gm.  per  gm. 
of  frog  when  the  standard  killed  at  .oodimki'.)  gm.  per  gm.  of  frog. 


ii^iniM^mim^i^i 


iiiiimUtiiiUliUk{ikUiilkUtkiiltlkiiiHtH.iiiiiiHHUiikHlkH 


I'L.VrK  HI. 

riatf  III  .shows  llic  olTccI,  <>ii  ;i  i:t  Kr.  <li>g  iiiiilir  clilorclimc  .Tr.csthesia  and  aili- 
ficial  respiration,  of  the  intravrnons  injection  of  1.;')  cc.  of  a  solution  (1  cc.  of  wliich 
contains  'i  niR.  of  i)orlion  precipitaleii  hy  strong  alcoliol  from  tincture  of  strophanthus 
and  which  shows  a  toxicity  to  fro^s  c(|uivalent  to  .ii'>  niR.  per  cc.  of  crystalline  Kombc 
stroi)hanlhin. 

I'pper  tracing  is  ventricle  heat  liy  direct  allachincnt  to  apex  and  median  groove 
of  the  heart.     Down  stroke  is  systole. 

.Middle  tracing  is  the  carotid  blood  pressure. 

liase   line,   time   in  seconds  and  signal   is  at  the   bottom. 

""In  the  case  of  ergot  one  of  the  bodies  thrown  down  with  strong  alcohol  is  beta- 
imida/.td-ethylaniine  (Histamine),  which  in  this  case  is  considered  one  of  its  thera- 
peutically  active   principles. 

Digitalis  ami  very  many  other  drugs  show  the  jiresencc  of  bodies  with  very  sim- 
ilar properties  and  they  become  of  importance  when  the  therapeutically  active  bodic- 
have  poor  solubility  in  water  or  weak  alcohol,  since  infusions  and  such  extracts  may 
have  <|uite  ilifTerent  properties   from  those  expected  of  the  drug. 
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The  intravenous  injection  of  strophanthidin  has  some  (Hfficul- 
ties  on  account  of  its  sHght  solubility  in  water,  but  by  quickly 
diluting  a  weak  alcoholic  solution  a  stifticiently  fine  suspension 
was  obtained  for  injection.  The  effect  upon  the  blood  pressure 
and  heart  action  is  very  similar  to  that  of  strophanthin. 

DISCUSSION  OF  PHYSIOLOGICAL  RESULTS. 

In  the  hands  of  the  authors,  the  12-hour  frog  method  of 
Houghton  (Am.  Journ.  Pharmacy,  Oct.,  1909)  gave  the  most  ac- 
curate and  reliable  results,  and  for  reasons  previously  stated 
seems  the  most  logical  one  to  use  in  standardizing  the  digitalis 
series  of  heart  tonics.  Equally  logical  is  the  method  suggested 
(same  reference)  for  giving  tangible  expression  to  the  degree  of 
activity  of  preparations  of  the  series,  namely,  to  use  the  M.  L.  D. 
of  cryst.  Kombe  strophanthin  as  the  basis  for  comparison ;  the 
ratio  of  the  M.  L.  D.  of  each  member  of  the  series  to  that  of 
strophanthin,  thus  determining  the  activity.  Ten  times  this 
M.  L.  D.  was  chosen  as  the  Heart  Tonic  Unit  (see  also  Am. 
Journ.  Pharmacy,  March,  1912)  ;  therefore,  the  activity  of  any 
preparation  is  the  reciprocal  of  ten  times  its  M.  L.  D.  adjusted  to 
the  average  for  that  drug,  by  comparison  with  the  M.  L.  D.  of 
the  standard  (strophanthin).  Whatever  method  is  employed, 
however,  it  is  necessary  to  compare  the  activity  of  an  unknown 
preparation  with  that  of  a  known  or  standard.  This  comparison 
can  be  expressed  only  in  terms  of  a  definite  amount  of  the  stand- 
ard, and  it  is  the  logical  procedure  to  speak  of  this  quantity  as  a 
heart  tonic  unit  (H.  T.  U.)  What  amount  shall  be  adopted  is 
unimportant.  For  our  own  work  we  have  adopted  the  standard 
heart  tonic  unit  (H.  T.  U.)  as  0.00001  gm.  of  crystalline  Kombe 
strophanthin  as  suggested  above.  This  is  ten  times  the  minimum 
lethal  dose  for  frogs  (Rana  Pipiens,  10  to  30  gm.). 

The  marked  stability  of  alcoholic  solutions  of  crystalline 
Kombe  strophanthin  is  a  very  important  point  in  connection  with 
the  use  of  this  crystalline  glucoside  as  a  standard  for  determining 
the  activity  of  galenical  preparations,  not  only  of  strophanthus 
seed,  but  of  other  heart  tonics. 

The  comparison  of  the  physiological  and  chemical  properties 
of  crystalline  and  amorphous  acid  strophanthins  show's  that  the 
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molecular  rearrangement  brought  about  by  the  introduction  of 
one  molecule  of  water  has  markedly  altered  the  physiological 
activity. 

Other  cases  are  known  in  which  the  addition  of  a  molecule  of 
water  is  accompanied  by  marked  changes  in  physiological  activity, 
as  inactive  ergotinin  into  active  ergotoxin. 

In  the  case  of  the  conversion  of  crystalline  Komlje  strophan- 
thin  to  the  amorphous  acid  strophanthin  there  has  l)een  the  change 
of  a  lactone  group  into  its  acid  and  alcoholic  portions,  and  ac- 
companying this  change  a  loss  of  two-thirds  its  toxicity  to  frogs. 

The  character  of  the  blood  jiressure  changes  and  heart  action 
does  not  appear  to  be  altered  by  the  opening  of  one  lacton  ring 
formation,  only  a  loss  of  activity  is  ol)served.  It  must  be  re- 
marked that  the  loss  of  acti\ity  as  ol)servcd  with  dogs  was  not  as 
great  as  indicated  by  the  toxicity  tests  on  frogs  and  guinea-pigs, 
and  also  the  toxicity  to  rats  and  mice  show  that  the  relation  one 
to  three  is  not  true  in  all  respects  for  the  crystalline  Kombe 
strophanthin  and  the  aniorplious  acid  Koni])e  strophanthin. 

RESUME. 

'i"he  seeds  of  ."-^irnphanlhus  Kombe  <  )li\'.  contain  two  stroph- 
anthins  :  a  crystalline  glucosidc  of  the  formula  C4„lI-,.,Oi.-f-3HoO 
and  a  closely  related  amorphous  stroi)hanthin  of  api)arently  twice 
the  molecular  weight.  V>y  the  action  of  water  on  crystalline 
Kombe  Stroiilianlliin  lliere  is  formed  a  monol)asic  acid  stroi)han- 
thin  or  a  mi.xture  c.  g.  of  a  monobasic  acid,  a  dibasic  acid  and  the 
original  crystalline  strophanthin.  These  three  strophanthins. 
crvstalline,  its  acid  deri\ati\e  anil  amorphous  Kombe  Slrophan- 
ihin,  when  split  b\-  dihite  acids  gi\e  strophantliidiii  of  the  formula 
C.^,;ll:,>.<  );  f  ll..,0.  This  strophanthidin  i>  identical  with  the 
stro()lianthidin  described  by   l'"eisl  and  by  MelTler  and  ."-^achs. 

Crvstalline  Kombi-  strophanthin  cunlaius  neither  a  jientose 
nor  a  methvl  pentose  (  rliamnose).  Anit  ii  |ili(iiis  Kombe  strophan- 
thin a])parently  contains  a  pentose.  I  he  crystalline  Kombe 
stroj)hantliin  ]ire]iared  bv  .\rnaud  is  doubtless  identical  with  that 
prepared  by  us,  but  Arnaud  was  at  fault  in  considering  as  a 
hydrate  a  new  chemical  derivative,  which  we  have  spoken  of  as 
amorphous  acid  strophanthin. 
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The  results  of  Kohn  and  Kulisch  show  a  marked  conformity 
with  those  of  Arnaud  and  of  our  own  upon  amorphous  acid 
strophanthin  in  everything  except  the  data  upon  strophanthidin. 
It  seems  probable  that  the  method  of  cleavage  and  purification 
accounts  for  the  different  strophanthidin. 

Crystalline  Kombe  strophanthin  apparently  undergoes  the 
following  cleavage  when  heated  with  dilute  acids : 

Crys.   K.   strophanthin.         strophanthidin       disaccharide  methyl-alcohol. 

Notwithstanding  the  uncertainty  as  to  the  purity  of  amor- 
phous substances  we  have  shown  that  a  strophanthin  different 
from  crystalline  Kombe  strophanthin  is  present  in  identified 
Kombe  seed.  Heffter  and  Sachs  have  shown  that  identified 
hispidus  seeds  do  not  contain  a  crystalline  strophanthin,  but  an 
amorphous  one  which  is  identical  or  closely  related  to  the  amor- 
phous strophanthin  from  Kombe. 

Both  crystalline  Kombe  strophanthin  and  amorphous  acid 
strophanthin  show  the  typical  heart  tonic  response,  diminished 
rate  and  increased  amplitude  of  the  heart  beat,  accompanied  by 
a  small  rise  in  blood  pressure. 

The  activity  of  the  amorphous  acid  strophanthin  is  less  than 
that  of  the  crystalline  strophanthin.  By  the  frog  method  of 
Houghton,  the  activity  of  these  strophanthins  is  in  the  ratio  one 
to  three. 

It  is  very  interesting  to  note  that  this  loss  of  activity  is  asso- 
ciated with  the  loss  of  one  lacton  group. 

We  believe  this  crystalline  Kombe  strophanthin  as  the  definite 
active  constituent  contained  in  Strophanthus  Kombe  Seed, 
U.  S.  P.,  should  be  adopted  as  the  standard  by  which  the  value  of 
the  various  preparations  of  the  drug  should  be  measured. 
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A  COMPARATIVE  STUDY  OF  ANTIGENS  FOR 
THE  WASSERMANN  REACTION.* 

By  H.  R.  A'arney,  M.D.,  and  F.  W.  Baeslack,  M.D., 
Detroit,  Mich. 

From  the    Research   Laboratory   of  Parke,   Davis   &  Co.,   Detroit,   Mich. 
HISTORICAL   REVIEW. 

In  1901,  Bordet  and  Gengou  published  the  method  for  com- 
plement fixation,  which  was  designed  for  the  purpose  of  detecting 
antigens ;  that  is,  such  bodies  as  are  capable  of  producing  anti- 
bodies, as  well  as  a  definite  group  of  serum  substances,  probably 
amboceptors,  the  nature  of  which  is  not  yet  determined.  It  is 
possible  by  this  method  to  determine,  by  the  use  of  a  known 
antigen,  whether  a  certain  serum  contains  the  specific  ambocep- 
tor, or  reversely,  one  may  determine  by  means  of  a  known  serum 
whether  the  substance  used  as  antigen  contains  the  antigen  bodies. 
Neisser  and  Sachs  proposed  the  use  of  this  method  for  the  dif- 
ferentiation of  albumin.  Wassermann,  Neisser  and  Briick  were 
able  to  demonstrate,  in  the  serum  of  monkeys  which  had  been 
previously  treated  with  extracts  of  syphilitic  organs,  the  presence 
of  substances  which  gave  complement  fixation  with  syphilitic  ex- 
tracts. Detre,  as  well  as  Wassermann,  Neisser,  Briick  and 
Schucht,  found  the  same  substances  in  the  serum  of  syphilitic 
patients.  Their  early  experiments,  however,  gave  very  incon- 
sistent results.  Citron  was  the  first  to  recognize  that  the  amounts 
of  antigen  and  serum  employed  by  the  former  authors  had  been 
too  small  and  that  the  influence  of  the  specific  medication  on  the 
reaction  was  unknown  to  them. 

Forges  and  Meier,  von  Landsteiner,  Miiller  and  Fotzl  and 
later  Yamanouchi  and  others  pointed  out  independently  that  a 
substance  could  be  obtained  by  extracting  syphilitic  and  normal 
human  liver  as  well  as  other  organs  with  alcohol,  which,  when 
mixed  with  the  serum  of  syphilitics,  gave  rise  to  complement  fix- 
ation, and  which  to  a  certain  degree  could  replace  the  syphilitic 
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antigen.  Porges  and  r^Ieier.  as  well  as  Landsteiner,  incline  to  the 
view  that  the  alcohol-soluble  substance  is  a  lipoid  closely  related 
to  lecithin,  while  Levaditi  and  Yamanouchi  ascribe  less  signifi- 
cance to  the  lecithin  and  consider  the  bile  salts  as  the  important 
substances.  The  complement-fixation  tests  carried  on  by  Was- 
sermann  and  Citron  with  xarious  colloidal  substances  such  as 
glycogen,  albumoses,  peptone,  lecithin,  oil  and  gelatin,  as  well  as 
the  experiments  of  Landsteiner  and  Stanovic  with  other  colloids, 
led  Citron  and  W'assermann  to  the  assumption  tlial  the  cause  of 
the  complement  fixation  is  a  chemico-ph\sical  change  of  the  mole- 
cule due  to  its  entering  into  combination  with  some  other  sub- 
stance. The  experiments  of  Seligmami  also  i)rove  that  in  col- 
loidal reaction  with  or  without  precipitation  complement  ma\-  lie 
absorbed.  The  disai)pearance  of  the  complement  is  not  due  to 
the  molecular  condition  as  such.  l)Ut  is  due  to  the  changed  condi- 
tion of  the  colloids.  While  this  does  not  offer  any  explanation  of 
the  specific  immunil\-  reaction,  it  shows  that  aside  from  the  im- 
munity reaction  there  coexist  oilier  definite  chemical  reactions 
which  cause  the  disappearance  of  the  complement.  This  in  no 
way  alters  the  great  value  of  the  complement-fixation  test  for  llic 
biologic  diagnosis  of  infectious  diseases,  for  it  is  the  special  proji- 
erty  of  imnume  serums  to  infiue-nce  to  a  greater  degree  thai  col- 
loid which  is  their  antigen. 

These  findings  induced  W'asserniann  to  separate  the  com- 
plement fixation  in  s\philis  from  the  generally  accepted  anligen- 
aiUibody  hyi)othesis  for  other  infectious  diseases,  for  he  assumed 
that  all  antigens  must  be  albununs  or  derivnlives  of  alliumins, 
without  considering  that  some  lipoids  or  li])oi(l-albuniin  coiiil)ina- 
lions  might  be  aiUigens  also.  The  experiments  of  Metchnikoff 
and  those  of  Ueyke  I'asha  and  Reschad  I'ey  ])oint  to  the  fact  that 
it  is  possible  to  stinuilate  the  organism  to  the  formation  of  react- 
ing agents,  similar  to  antiI)odies,  by  the  injection  of  fat-like  sub- 
stances. The  cobra-lecithin  experiments  should  also  be  men- 
tioned in  this  connection.  It  was  jxjinted  out  by  Citron  ili.il  the 
injection  of  animal  and  othir  poisons  with  lecithin  causes  the 
formation  of  toxolipoids  which  may  act  as  antigen,  that  is.  pro- 
duce anlil)oflies.  .Such  antibodies  against  the  syphilitic  toxo- 
lipoids mav  ha\e  a  lipoidophil  group  whiih  is  brought  out  in  tlu' 
adnnxtiu"e  with  lecithin. 


The  fact  that  the  serums  of  luetic  patients  are  rich  in  fer- 
ments capable  of  splitting  certain  fats  and  lipoids  and  the  pres- 
ence of  such  ferments  to  a  lesser  degree  in  the  serums  of  patients 
suffering  from  other  infectious  diseases,  sucii  as  leprosy,  tuber- 
culosis, scarlet  fever,  etc.,  may  be  the  reason  why  such  serums 
react  with  syphilitic  antigen.  Thus  it  is  possible  that  in  the  Was- 
sermann  reaction  we  are  dealing  with  several  distinct  comple- 
ment-fixation reactions  of  entirely  different  character,  one  of 
which  may  be  specific. 

In  spite  of  the  fact  that  the  W'assermann  reaction  is  as  yet 
unexplained,  it  is  widely  used  for  the  diagnosis  of  syphilis.  The 
aqueous  extracts  of  the  syphilitic  liver  and  spleen  were,  on  ac- 
count of  their  instability,  displaced  by  alcoholic  extracts  of  these 
syphilitic  organs.  The  difficulty  of  obtaining  syphilitic  fetal  tissue 
also  had  its  influence  in  stimulating  the  search  for  some  substitute 
as  antigen.  More  recently  acetone  has  been  employed  as  ex- 
tractive, because  it  is  supposed  that  such  extracts  contain  sub- 
stances which  approximate  the  syphilitic  antigen  more  closely, 
and  thus  permit  of  a  more  delicate  reading  of  the  test.  It  does 
not  fall  within  the  scope  of  this  paper  to  review  the  extensive 
literature  dealing  with  the  various  antigens  employed  l)y  the  ex- 
perimenters in  this  field  of  research.  The  extracts  employed  have 
been  either  specific,  such  as  were  obtained  from  syphilitic  tissues 
by  the  use  of  water,  alcohol,  or  acetone  as  extractives,  or  they 
have  been  non-specific  extracts  made  from  heart  muscle,  liver  and 
brain  of  guinea-pigs  and  cattle.  Aside  from  these  extracts,  com- 
binations of  chemical  substances,  such  as  Schurmann's  and  those 
given  by  Sachs  and  Rondim,  have  been  employed  as  antigens  in 
this  reaction.  From  this  it  appears  that  normal  tissue  contains 
substances,  possibly  to  a  lesser  degree,  as  has  been  shown  by 
Mtich,  which  have  the  power  to  absorb  the  complement. 

Aside  from  the  use  of  artificial  antigens,  there  have  been 
other  modifications  of  the  Wassermann  reaction ;  however,  none 
of  these  modifications  have  as  yet  increased  the  clinical  value  of 
the  test,  nor  has  any  attempt  to  simplify  the  method  been  sug- 
gested which  does  not  at  the  same  time  sacrifice  considerably  its 
accuracy. 

In  the  course  of  the  inoculation  experiments  of  four  strains 
of  the  Spifochccto  pallida,  which  have  been  carried  on  in  rabbits 
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at  the  Researcli  l.ahoratorv  of  Parke.  Davis  &  Co..  it  seemed 
that  the  white,  glistening  gumma,  wliich  contains  practically  noth- 
ing but  spirochetes  and  the  products  of  their  metabolism,  mighl 
offer  material  for  the  preparation  of  antigen  for  the  W'assermann 
reaction  which  would  possess  more  of  the  specific  antigen  l)odies 
than  any  other  antigen  yet  used  for  such  purposes.  The  antigen 
thus  preparefl  was  made  from  lesions  catised  by  the  four  strains 
of  the  organisms.  We  had.  therefore,  a  specific  and  to  some  de- 
gree polv\alent  antigen.  The  four  strains  of  pallida  ha\e  been 
transj)lanted  now  for  cner  a  year,  and  the  lesions  which  these 
organisms  pjrodtice  are  free  from  secondary  infection.  Xo  anti- 
gen was  prepared  from  cultures  of  the  organism,  since  the  culture 
does  not  afford  a  sufficient  amount  nor  could  the  mediums  in 
which  the  pallidic  were  growing  be  separated  from  them.  It 
seemed  th;it  the  extract  of  organisms  and  cultiu-e  mediums  would 
afford  us  no  more  specific  antigen  than  had  been  employed  by 
others  thus  far.  The  syphilitic  gumma  fre(|uently  replacing  one- 
half  and  more  of  the  testis  seemed  better  suited  for  this  purpose. 
since  all  the  non-infected  tissue  could  be  trimmed  awa\',  and  only 
the  grayish-wliite  gumma  used.  The  term  "guiuma"  is  here  used 
not  in  its  strictest  sense.  The  lesion  i)roduced  1)\-  the  action  of 
the  pallida  in  the  gland  proper  is  one  of  clearly  circinnscribed 
mucoid  degeneration.  Su])erficial  chancres  were  not  employed 
since  these  are  usually  contaminated  with  other  bacteria. 

'Jdic  antigens  were  ])repared  as  follows:  The  lesions  were 
careftilK'  freed  from  the  tissue  not  iuNoKed.  ground  up  line  and 
weighed,  'ilu-  material  w.is  then  frozen  in  .in  ice  ;md  s;dt  mix- 
ture, and  dried  ;/;  i-acito  o\cr  sulphui'ii-  acid.  When  completel\' 
dry.  it  was  jjlacrd  in  plnsiologic  s.ilt  solution  to  which  i'.;;  ])cr 
cent,  trikresol  h.'d  been  added.  The  ratio  of  tissue  to  salt  solu- 
tion is  1:1.  This  tissue,  sus])ension  w;is  shaktn  t'oi-  iw  cnlN -four 
hours  and  placed  in  a  sterile  aml)er  glass  bottle  in  tln'  refrigerator 
for  three  days  to  allow  the  tissue  to  settle,  fhis  was  our  a(|ueous 
antigen. 

'{"lie  alcohol. c  antigen  was  ])re|)ared  in  the  s:mie  w.iy  th.it  the 
regular  stocU  syphilitic  fetal  liver  antigen  is  prepared. 

The  acetone  extract  was  prepared  by  i)l.icing  ihi'  ground-up 
and  dried  tissue  into  .Menk's  (  .  1'.  .ice'.oiie.  taking  bir  e\  ery 
gram  of  tissue  "JH  c.c.  of  acetone.      This  was  allowed  to  si.-md  in  ;i 


(lark  bottle  at  room  temperature  for  ei.c^lit  days,  filtered  and  evap- 
orated at  37°  C.  (98.G°  F.). 

The  residue  was  taken  up  with  C.  P.  methyl  alcohol,  one 
hundred  parts  of  the  methyl  alcohol  being  used  for  every  gram 
of  residue.  The  acetone  residue  contains  a  substance  which  is 
not  soluble  in  methyl  alcohol.  The  meth}l-alcohol-soluble  extract 
is  admixed  with  ten  times  its  \olume  of  [)hysiologic  salt  solution 
for  the  test. 

These  three  extracts  of  gumma  of  rajjljits  were  tested  against 
the  alcoholic  extracts  of  syphilitic  fetal  liver,  and  in  our  last  ex- 
periments, the  acetone-insoluble  portion  of  beef  heart. 

Practically  every  antigen  has  the  power  to  bind  some  com- 
plement.    And  the  reason  for  the  diversity  of  results  obtained  by 


Fig.   1. — Syphilitic  gumma   of  testis  of  rabljit   from   which   antigen  was   prepared. 

some  investigators  on  one  and  the  same  serum  does  not  lie  so 
much  in  the  method  employed  as  in  the  proper  titration  of  the 
extract  employed  as  antigen. 

The  value  of  a  certain  extract  is  usually  determined  by  a 
preliminary  experiment,  usually  according,  to  \\'assermann,  in 
which  a  unit  of  the  antigen  gives  complete  fixation  when  admixed 
with  a  unit  of  luetic  serum,  while  normal  serums  give  a  negative 
reaction.  Any  antigen  fulfilling  these  requirements  is  considered 
satisfactory  for  this  reaction. 

If  increasing  doses  of  an  antigen  are  tested  for  their  activity 
in  the  seroreaction  in  syphilis,  then  it  is  shown  that  very  small 


amounts  will  not  l)ind  the  complement  even  in  cases  of  florid 
syphilis.  As  the  dose  of  the  extract  is  increased,  the  fixation  of 
the  complement  occurs  witii  greater  frequency,  so  that  seriuiis  of 
latent  syphilitics  also  react.  If  the  amount  is  increased  still  more, 
the  serums  of  patients  not  s\philitic  will  give  positive  reactions. 
And  if  the  dose  of  the  extract  is  carried  still  higher,  we  find  that 
serums  of  normal  healthy  individuals  give  the  reaction.  The 
amount  of  antigen  is  then  able  to  bind  all  the  complement.  It 
thus  becomes  evident  that  only  such  amoimts  of  antigen  shotild 
be  employed  in  syphilis  as  will  bind  the  complement  only  with 
luetic  serums.  Thus  the  W'assermann  reaction  is  specific  only 
within  certain  limits  of  the  doses  of  antigen.  For  this  reason  the 
extracts  were  tested  for  their  ]H)wer  to  bind  complement. 

Increasing  amounts  of  the  extract  are  placed  with  the  amount 
of  complement  usually  employed  in  the  seroreaction  in  the  in- 
cubator, then  amboceptor  and  sheep  blood  corpuscles  are  added. 
For  the  test  only  one-half  of  that  amount  is  used,  which  clearly 
indicates  fixation  (Eigoilicmniiiiig  } . 

DETEU.MIX.VTIOX  OF  Till-:  .'^KN.SITn-ENESS. 

In  the  serodiagnosis  of  syphilis,  it  is  not  so  nuuli  a  (|Ucslion 
of  obtaining  fixation  of  complement  willi  midoubted  cases  of 
syphilis,  as  of  determining  a  fixation  of  complement  in  the  doubt- 
ful cases,  which  determine  for  or  against  svphilis.  Complete 
binding  of  the  cdinplcmcnl  is  ])raclicall\-  uiiifi)rni  wilh  all  ex- 
tracts, but  the  cases  demanding  especial  alleniion  are  those  which 
show  otily  partial  complement  fixation.  .Such  cases  may  be  over- 
looked by  an  obser\  er  who  docs  not  work  with  a  sensili\e  anti- 
gen, for  which  reason  it  is  n(jt  adxisable  lo  take  the  serinn  giving 
a  strongly  luetic  reaction,  for  a  ])ositi\e  control,  but  one  which 
lies  ou  the  border-line,  that  is,  serums  thai  gi\c  a  weak  jxisitive 
reacti*'!!,  such  as  latent  luetics,  and  those  having  sclerosis.  Such 
serums  are  tested  with  \arying  amounts  of  extract  according  to 
the  usual  method,  beginning  wilh  iiiiiiutc  dihuions  of  antigen  to 
I  he  largest  ])ermissible. 

i));ii;i<.\ii\A'nox  of  the  si'Ecii'icn ■^•. 

It  is  e\ident  thai  for  this  pur])ose  not  only  serums  of  normal 
indisiduals  should  l)e  employed,  but  also  serums  which,  from  ex- 
perience, at   limes  give  a  i)osili\e   W'asserinann   rt'aclion.      Il  has 
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Fig.  2. — Luetin   reaction  obtained  from  gumma  in  rabbits  used  for  the  preparation 
of  antigen.      Control  in   center. 
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alreicly  been  pointed  out  that  in  such  cases  we  may  not  be  dealing 
with  the  same  biologic  process  which  takes  place  in  the  serum  of 
a  luetic,  but  with  a  non-specific  process  which  simulates  the  spe- 
cific reaction  in  syphilis.  r**Iany  serums  from  cases  of  various 
general  diseases  contain  substances  which  inhibit  hemolysis.  If 
to  such  serums  antigen  is  added  which  also  contains  bodies 
cajjable  of  binding  complement,  we  are  able  to  observe  a  summa- 
tion of  these  two  binding  substances  which  absorb  all  the  com- 
plement. 

The  specificity  of  the  antigen  used  was  determined  by  the 
luelin  reaction,  in  so  far  as  this  reaction  may  be  called  specific. 
Extract  of  the  gumma  gave  positive  reaction  in  tertiary  cases  of 
this  disease. 

These  comi)arisons  of  the  antigens  of  gumma  co\er  only  the 
prcliniinar\-  stages  of  the  work  wc  have  begun.  The  antigens 
prepared  from  the  several  strains  of  the  spirochetes  are  more 
active  and  for  this  reason  had  to  l)c  dihiled  from  ten  to  twenty 
times  more  than  the  ordinar\-  antigens  prepared  from  syphilitic 
fetal  organs  or  normal  tissues.  This  high  dilution  of  the  aiuigen 
minimizes  the  physical  infiuence.  which  strong  alcoholic  antigens 
exert  on  the  serums  to  be  tested.  The  antigens  when  admixed 
with  ])h\siologic  salt  solution  were  ])raclically  clear,  dillering  in 
this  respect  from  other  antigens  wliicli  in  dilution  show  milky 
white  turbidit}'.  .\nother  difference  noiiced  between  ihe  ra])l)it 
gumma  antigen  and  (jther  antigens  is  the  more  delicate  reading 
of  the  results  of  the  reaction.  The  cases  of  doubtful  clinical  diag- 
nosis are  more  clearly  brought  out  by  these  antigens. 

The  sensitiveness  of  these  antigens  to  luetic  serums  led  us  to 
lest  them  against  serums  from  leprosy  and  scarlet  fe\  er.  Ihrough 
tile  kindness  of  Dr.  (  lu\-  I..  Kiefi-r.  lu'alth  offn-er  of  l)etroit.  we 
were  able  to  obtain  serums  fiiim  scarlet  fe\er  patients  while  the 
di.sease  was  in  its  erupti\e  stage  and  at  <Iillerent  periods  lollowing 
this  stage.  The  le])rosy  serunis  included  were  obtained  ihrough 
the  courtesv  of  Dr.  James  Macl-'arlane  W'inlield  ot'  Ibooklyn.  to 
whom  we  desire  to  e.xpress  our  thanks. 

The  sNphilitic  lesions  in  rabl)its  permilled  us  to  obtain  anti- 
gens which  to  a  degree  are  more  specific  than  the  antii^ens  gener- 
allv  emplo\ed.  since  these  gunnna  contain  the  spirochetes  in  large 
numbers   frvv   from   contannnalion.       \l    ilir    ^ame   iinu-   we  were 
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reasonably  certain  that  our  antio;cns  were  free  from  tlie  bile  salts 
which  possibly  are  present  in  the  antigens  made  ivom  fetal 
syphilitic  livers. 

The  fact  that  Schwartz  and  McNeil  were  able  to  improve 
the  fixation  of  complement  in  gonorrhea  by  combining  twelve 
strains  of  the  gonococci  of  their  antigen  led  us  to  combine  the 
four  strains  of  the  pallida  for  the  antigens  we  employed.  By  so 
doing,  we  increased  the  efficiency  of  the  antigens.  The  reaction 
was  negative,  however,  in  the  serums  of  patients  having  just 
passed  the  eruptive  stage.  The  serums  of  leprosy  patients  were 
also  positive,  yet  to  a  less  degree  than  the  luetic  controls.  How 
far  this  reaction  is  due  to  the  leprosy  per  sc,  it  was  impossible 
for  us  to  determine. 

SUMMARY  AND  CONCLUSIONS. 

1.  The  use  of  syphilitic  gumma  in  the  testis  of  raljbits  yields 
a  more  specific  antigen  than  any  obtained  from  other  syphilitic 
or  normal  tissue. 

2.  The  combination  of  a  number  of  strains,  giving  a  polv- 
\alent  antigen,  increased  the  ^•alue  of  the  antigen,  permitting  the 
diagnosis  of  clinically  doubtful  cases. 

3.  Aqueous  antigens  lose  their  strength  in  about  one  month 
while  those  prepared  with  acetone  and  alcohol  are  stable. 

From  our  data,  we  incline  to  the  view^  that  in  the  ^^^asser- 
mann  reaction  of  syphilis,  we  may  be  dealing  wMth  three  distinct 
reactions.  First,  we  deal  with  the  antibodies  produced  against 
the  causative  organism — if  such  antibodies  are  produced;  next, 
W'e  are  dealing  wnth  stil)stances.  possibly  antibodies,  directed 
against  bacterial  lipoids,  and,  finally,  with  a  group  of  substances, 
autolytic  in  nature,  which  the  tissues  of  the  ])ody  evolve  against 
the  toxic  substances  resulting  from  the  influence  of  the  Spiro- 
ch(cta  pallida  on  the  tissues. 

ABSTRACT  OF  DISCUSSION. 

Dr.  Howard  Fox,  New  York:  The  antigen  is  the  all-importanl  factor 
in  the  Wasserman  reaction,  but  the  attempts  that  have  thus  far  been  made 
to  standardize  our  preparations  have  not  been  particularly  successful.  It 
would  be  a  great  step  in  advance  if  we  could  find  a  standard  antigen 
which  every  one  could  use,  as  in  that  way  there  would  be  fewer  divergent 
results  from  different  laboratories.  During  the  past  year  I  have  used  the 
alcoholic    extract   of    normal   heart,   titrating   the    complement    and    using 
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decreasing  amounts  of  the  serum  of  the  patient.  By  tliis  method  I  have 
obtained  better  results  than  I  did  formerly  with  the  alcoholic  extract  of 
fetal  liver. 

Dr.  J.  1-'k.\nk  W'augh,  Chicago:  There  is  one  other  antigen  which 
I  do  not  think  has  been  mentioned.  Noguchi  has  done  a  great  deal  of 
work  on  the  serodiagnosis  of  syphilis,  and  in  one  of  his  articles  on  the 
subject  he  mentions  an  insoluble  acetone  antigen.  Dr.  Harris  gave  me 
some  soluble  acetone  antigen,  and  on  testing  it  I  found  it  very  efficient. 
The  acetone  extract  gives  a  stronger  reaction  in  some  cases  than  the 
alcoholic  extract.  In  the  last  year  I  have  tried  and  compared  both  the 
alcoholic  and  the  aqueous  extracts  with  the  acetone  extract  and  have 
found  the  latter  just  as  efficient.  1  agree  witli  Dr.  Fox  regarding  the 
importan:e  of  a  strong,  standard  antigen. 

In  the  Deutsche  medizinische  Wochenschrift  (Dec.  5,  1912).  O.  Stiner 
reported  his  experiences  with  the  use  of  acetone  extracts.  He  reports 
that  in  some  cases  of  positive  lues,  in  which  alcoholic  extracts  gave  nega- 
tive results,  positive  reactions  are  secured  with  an  acetone-liver  extract. 

Dr.  M.  L.  Heidingsfeld,  Cincinnati:  1  take  exception  to  Dr.  Varney's 
statement  that  the  gonococcus  complement-fixation  test  is  more  reliable 
than  the  W'assermann,  in  order  to  spare  the  Wassermann  too  much  unde- 
served disrepute.  Tlieoretically,  the  gonococcus  test  should  be  more  relia- 
ble tlian  the  Wassermann,  but  experience  has  shown  that  the  Wassermann 
is  far  the  more  reliable  of  the  two.  The  Wassermann  never  errs  on  the 
unsafe  side,  and  is  a  reliable  procedure  if  the  details  arc  carefully  and 
properly  carried  out.  As  Wassermann  has  pointed  out.  there  is  a  funda- 
mental reason  for  every  step  of  the  reaction.  Some  of  the  modifications 
may  be  more  delicate,  but  they  are  at  the  same  time  the  less  reliable. 

Dr.  KfDoi.i'H  Bi;n.M.\N.  St.  Louis:  Did  Drs.  Varney  and  I'.aeslack 
use  a  watery  or  an  alcoholic  preparation  as  an  antigen? 

Dr.  H.  K.  \'arney.  Detroit:  I  thoroughly  agree  with  Dr.  box  that 
wliat  we  arc  searching  for  is  a  standard  antigen,  and  that  wlun  it  is  found 
we  shall  have  more  uniform  laboratory  reports.  Regarding  the  i)rcpara- 
tion  of  the  antigen,  the  a(|ue(ius,  acetone  and  alcoholic  were  used  and 
checked  up  in  series. 

Regarding  my  estimate  oi  the  comparative  accuracy  of  the  Wasser- 
mann and  the  gonococcus  fixation  tests,  which  Dr.  Heidingsfield  criticized. 
I  would  say  that,  so  far  as  I  have  been  al)le  to  follow  the  laboratory  rec- 
ords, am  able  to  assert  that  by  tlie  fixation  tests  it  is  possible  to  pick  out 
the  diplococcus  of  Neisser  from  a  large  family  of  similar  orgainsms, 
which  is  i)roved  clinically,  while  with  the  Wassermann  test  we  cannot 
with  our  present  knowledge  positively  exclude  other  diseases,  as  ttibercu- 
losis,  scarlet  fever  or  lepro.sy. 

Dr.  v.  W.  B.aksi.ack.  Detroit:  The  delicacy  of  the  It-l  depends 
largely  on  the  titration  of  the  antigen.  We  may  titr.ile  for  its  delicacy 
and  sensitiveness,  and  it  is  oidy  when  tested  against  weak  syphiiilic  cases 
that  a  real  idea  of  the  value  of  the  antigen  is  obtained.  It  is  in  the  care- 
ful titration  of  the  antigen  that  the  secret  lies,  ;uid  what  we  are  searching 
for  is  a  reliable  antigen. 

7.3909 


THE    TREATMENT    OF    TETANUS.* 

Charles  T.  McClintock  and  Willard  H.  Hutchings. 

(From   the  Research  Laboratory  of   Parke,   Davis  &  Company,   Detroit,  Michigan.) 

This  research  was  undertaken  with  the  object  of  determining 
as  far  as  is  possible,  with  animals,  the  relative  value  of  the 
various  methods  of  treatment  of  tetanus. 

After  a  trial  of  a  number  of  laboratory  animals,  sheep  were 
selected  for  the  reason  that  they  are  susceptible  to  tetanus,  large, 
and  easily  handled,  they  could  be  bled  readily,  and  because  it 
was  possible  to  infect  them  in  a  manner  approaching  clinical 
conditions.  A  14-day  broth  culture  of  a  virulent  strain  of  tetanus 
containing  large  numbers  of  bacilli  and  spores  was  heated  at  65° 
C.  for  20  minutes,  for  the  purpose  of  destroying  the  toxin. 

In  order  to  be  sure  of  this  a  part  of  the  material  was  passed 
through  a  Berkefeld  and  then  through  a  Pasteur  filter.  One- 
cubic-centimeter  doses  of  the  filtrate  thus  obtained,  when  injected 
subcutaneously  into  350-gm.  guinea-pigs,  failed  to  produce  tet- 
anus. Small  pieces  of  wood  were  macerated  in  this  toxin-free, 
spore-containing  fluid  for  two  weeks,  at  the  end  of  which  time 
they  were  removed  and  dried. 

The  method  of  inoculation  was  as  follows :  A  sheep  with  a 
long  tail  having  been  selected,  an  incision  one  centimeter  in 
length  was  made  through  the  skin  as  near  the  tip  as  possible. 
A  pocket  was  now  made  by  blunt  dissection.  Into  this  one  piece 
of  infected  wood  was  placed  and  the  wound  closed  by  cat-gut 
sutures.  With  the  onset  of  symptoms  of  tetanus  the  tail  was 
amputated  20  cm.  above  the  point  of  inoculation.  No  anesthetic 
was  used  and  antisepsis  was  observed. in  all  operations. 

In  order  to  estimate  the  amount  of  toxin  present  in  the 
blood  of  the  sheep  two  cubic  centimeters  were  removed  at  24- 
hour  intervals  and  injected  into  the  right  hind  leg  of  a  350-gm. 
guinea-pig.  In  this  way  a  series  of  animals  was  obtained  which 
passed  from  the  normal  through  the  various  stages  of  local  and 
general   tetanus   to  the   death  of   animals.      Thus   a   reasonably 

*Received  for  publication  June  5,  1913. 
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accurate  idea  of  the  amount  of  toxin  present  in  the  blood  at 
the  time  could  be  obtained. 

For  the  purpose  of  studying  the  efifects  of  amputation,  with- 
out any  other  treatment,  a  series  of  experiments  was  undertaken 
by  one  of  us.*  Fifty  guinea-pigs,  30  dogs,  and  10  sheep  were 
used.  Immediately  on  the  appearance  of  symptoms  the  affected 
members  were  amputated.  No  other  treatment  was  used. 
Among  the  conclusions  drawn  was  the  following:  "Amputation 
immediately  following  the  first  appearance  of  symptoms  affected 
in  no  way  the  progress  of  the  disease.  Animals  which  were 
amputated  died  in  the  same  time  and  with  the  same  symptoms 
as  those  which  were  not  amputated.'' 

From  these  results  it  is  reasonable  to  conclude,  therefore, 
that  any  benefit  obtained  by  treatment  is  the  result  of  this  treat- 
ment and  not  of  amputation. 

Having  established  this  point,  we  undertook  the  study  of  the 
various  methods  of  treatment,  as  follows:  antitotanic  serum, 
carbolic  acid  method  of  Bacelli,  magnesium  sulfate,  chloretonef 
alone  and  in  combination  with  serum. 

Six  sheep  were  used  in  each  scries,  five  being  treated  while 
one  was  used  as  control.  In  every  series  the  control  animal  dieil 
with  practically  identical  symptoms  in  each  case. 


TABLE  1. 
Control  Sheep. 


Sheep 
No. 

Series. 

Inocu- 
lated. 

Symp- 
toms. 

Am- 
putated. 

Results. 

14 

112 

Carbolic  acid 

Maifiiesium  sulphate.. 

Oct.       29 
March  2fi 
July        1 
13 
Dec.      13 

Nov.       5 
April       4 
July        8 
20 
Dec.      13 

Nov.        5 
April       4 
July        8 
20 
Dec.      13 

Died  Nov.  11 
'■     April    (> 

.301 

1&3 

274  . 

■'     July    12 

tchloretoneand  serum.. 

■•  24 
"     Dec.  15 



A  SAMI'I.E  PROTOtOt. 

Sheep  14,  weislit  32.6  kilos,  control,  inoculated  as  descrilicd  on  Octo- 
hcr  29,  ViW.  ^Uvc\>  apin'.TriMl  normal  until  7  days  later,  wiini  there  was 
noticed  a  slight  stifTeninR  "f  the  front  legs  when  the  sheep  attempted  to 
run.  The  neck  was  held  rigi'l  with  the  nose  sliRiuly  extended.  ICating  and 
drinking  were  normal.  The  tail  was  at  once  amputated  20  cm.  ahove  point 
of  inoculation  under  antiseptic  precautions  and  the  wound  closed  with 
cat-gut.     Healing  of  the  wound  was  uneventful. 

Eighth  day:    Sym|)toms  were  mf)rc   marked;   the  sheep  walked   with 

•lIulchiliRS,   Kiiidth-Lulircilschrifl,    p.   (iOl,    Leipzig,    1007. 
■tC'lilorlnit.iliol. 
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some  difficulty  and  fell  to  knees  when  attempting  to  run.  Neck  stiffen, 
ate  and  drank  well,  chewed  cud,  and  had  no  difficulty  in -swallowing. 

Ninth  day :  The  sheep  remained  lying  down,  but  could  get  up  with 
difficulty.     Stiffness  pronounced.     Ate  and  drank  little.     Did  not  chew  cud. 

Tenth  daj' :  Could  not  get  up  alone  and  when  placed  on  feet  could 
take  only  a  few  steps  without  falling.  Ate  nothing  and  swallowed  water 
with  difificulty.     Stiffness  of  whole  l)ody  pronounced. 

Ele\enth  da\'  ■  Lying  on  side  with  liead  hyper-extended,  legs  extended 
and  perfectly  rigid,  could  not  stand. 

Twelfth  day:  About  the  same  as  on  the  previous  day;  a  few  clonic 
spasms  were  seen. 

Thirteenth  day  :  Clonic  spasms  frequent  but  not  severe,  lasting  about 
30  seconds.     Died  during  the  afternoon. 

The  following  table  shows  the  result  of  the  injection  of  this  sheep's 
blood  into  the  guinea-pigs. 


TABLE  2. 


Pig. 

Weight  gill. 

Inoculateci 
with  2  c.c.  on 

Syniptoma. 

Date. 

Result. 

1 

250 

Oct.    30 



Recovered. 

2 

305 

'•     31 

— 

** 

3 

275 

Nov.    1 

+ 

Nov.     5 

" 

4 

290 

2 

4- 

5 

** 

5 

308 

"       3 

-1- 

"        5 

Died. 

6 

310 

4 

+ 

6 

7 

315 

"       5 

6 

" 

8 

315 
305 

6 

7 

-\- 

+ 

"       7 
'■      10 

9 

10 

335 

8 

-1- 

"      10 

11 

280 

9 

4- 

"      11 

12 

325 

"      10 

+ 

"      13 

** 

13 

330 

•'      11 

+ 

"      14 

From  Table  2  it  will  be  seen  that  measurable  amounts  of 
toxin  appeared  in  the  blood  on  the  third  day,  that  the  toxin  was 
at  its  maximum  from  the  fifth  to  the  eighth,  and  persisted  until 
death  on  the  thirteenth  day,  but  that  after  the  eighth  day  the 
amount  present  was  small.  On  the  other  hand,  the  clinical 
symptoms  were  not  discoverable  until  the  seventh  day  and 
reached  what  might  be  termed  a  maximum  on  the  eleventh  day. 
Had  this  train  of  symptoms  appeared  in  the  ordinary  case  of 
tetanus  in  human  beings  it  is  probable  that  the  patient  would 
not  have  come  under  observation  before  the  eighth  day  and  a 
diagnosis  would  not  have  been  reached  until  the  ninth  or  even 
the  tenth  day.  From  the  tal)le  one  would  be  inclined  to  believe 
that  the  decrease  of  toxin  in  the  circulation  after  the  eighth  day 
was  a  result  of  the  amputation,  removal  of  the  source  of  supply, 
but  that  this  is  not  true  we  have  been  repeatedly  shown.  We 
have  found  that  the  amount  of  demonstrable  toxin  in  the  blood 
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of  animals  having  tetanus,  with   and  without  amputation,  runs 
a  course  practically  identical  with  that  shown  in  the  talkie. 


SERUM. 

Si.x  sheep  were  used,  five  treated  with  intravenous  injection 
of  2,000  units  of  antitetanic  serum  every  24  hours,  one  control. 
The  control  died  (274).  Of  those  treated  four  died  and  one 
recovered.    The  protocol  of  the  one  that  recovered  is  as  follows : 

Sheep  108,  weight  55.5  kilos. 

December  6:    Inoculated  in  tail  as  usual. 

Seventh  day:  Showed  marked  stiflfncss  of  head  and  neck.  Some  stiff- 
ness in  forelegs,  otherwise  normal.  Tail  amputated  20  cm.  above  point  of 
inoculation.    2,000  units  serum  injected  into  left  jugular  vein. 

Eighth  day:  Somewhat  stifTer  than  day  before.  Walked  with  diffi- 
culty. While  Ijeing  prepared  for  bleeding  and  injection,  had  several  slight 
clonic  spasms  and  a  peculiar  "thrill"  which  is  characteristic  of  tetanus 
in  guinea-pigs.  Ate  and  drank  little.  2,000  units  serum  injected  into  left 
jugular  vein. 

Ninth  day:  No  worse  than  on  previous  day.  2,000  units  serum  in- 
jected. 

Tenth  day :  About  the  same  except  tiiat  he  ate  and  drank  better. 
2,000  units  serum  injected. 

Eleventh  to  sixteenth  day:  Condition  remained  stationary.  2  000  units 
of  serum  were  given  on  each  of  these  days,  when  its  use  was  discontinued. 
The  sheep  developed  chronic  tetanus  and  was  not  completely  recovered 
until  February  1. 

The  total  amount  of  serum  given  was  20,000  units. 

TABLE  3. 
Results  of  Inoculation  with  Blood  of  Sheep  108. 


Pio. 

Weight  srm. 

Inoculated 
with  2  c  c.  on 

SymptomB. 

Date. 

Result. 

1 

2 

3 

4 

."j          

350 

Dec.    6 

"        7 
8 
9 

'•       10 

"     11 

"       12 

"     i:{ 
"     11 
•'     1.5 
"      16 
"      17 
"      18 

-1- 
+ 
+ 
+ 

Dec!  is 
'■      13 
"      11 
"      10 

Recovered. 

6 

7 

« 

<»            

Died. 
Recovered. 

10 

11 

12 

13 

The   \)V(>\(n()\   of   tlu-   sheep   whit-h    (lied    follows: 

Sheep  277,  weight  40  kilos. 

December  6:  Inoculated  as  usual. 

Eighth  day:  Showed  slight  slifTncss  in  forelegs,  head  was  slightly 
extended,  otherwise  normal.  Tail  amputated.  2,000  units  of  serum  in- 
jected  intravenously. 
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Ninth  day:  Stiffness  increased,  drank  well  but  ate  little.  2,000  units 
of  serum  injected  intravenously. 

Tenth  day:  Stiffness  very  marked,  unable  to  walk  but  could  stand. 
Refused  all  food  and  could  not  swallow  water.  Rapid  breathing.  2,000 
units  of  serum  injected  intravenously. 

Eleventh  day  :  \'ery  little  change  from  previous  day.  2,000  units  of 
serum  injected  intravenously.     Died  during  the  night. 

TABLE  4. 
Results  of  Injections  with  Blood  from  Sheep  277. 


Pig. 

Weight  gm. 

Inoculated 
with  2  c  c.  on 

Symptoms. 

Date. 

Results. 

1 

320 
300 
335 
300 
250 
255 
330 
330 
325 
325 
325 
326 

Dec.     5 

7 
8 
9 
"       10 
■'       11 
"      12 
•'      13 
"      14 
"      15 
"      16 
"      17 

+ 
+ 
+ 
+ 
+ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Dec.    14 
13 
14 
14 
15 

Recovered. 

Died  of  tetanus. 
'•     Dec.  17 
"    18 
"     18 

11 

12 

TABLE  5. 
Sheep  Treated  with  Serum  Alone. 


Sheep. 

Inoculated. 

Symptoms. 

Amputated. 

Treatment 
2,000  Units. 

Results. 

108 

277 

12 

275 

Dec.  6 
"     6 
"     6 
"     6 
'■     6 

Dec.    13 

14 

"        12 

14 

14 

Dec.    13 
14 

12 
14 
14 

Serum  daily. 

Recovered. 
Died  Dec.  18 

"     18 
"     18 

299 

"    22 

OB.SERVATION    ON    SERUM    SHEEP. 

1.  Twenty-four  hours  after  the  first  injection  of  serum  no 
toxin  was  found  in  the  blood.     This  was  true  of  all  five  sheep. 

2.  In  four  of  the  five  sheep,  despite  the  absence  of  toxin  in 
the  blood,  the  symptoms  were  not  influenced. 


CARBOLIC    ACID. 

Before  discussing  the  experiments  with  sheep  it  may  be  of 
interest  to  give  a  few  of  the  preliminary  experiments  with 
guinea-pigs.  We  tried  first  to  determine  how  much  carbolic 
acid  was  necessary  to  kill  an  average  pig. 

Scries  i. — 0.5  c.c.  of  a  two  per  cent  solution  of  carbolic  acid 
in  water  was  injected  every  two  hours  until  32  doses  were  given, 
without  producing  any  effect.     The  amount  was  then  increased 
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to  one  cubic  centimeter  every  two  hours.    Of  this,  11  doses  were 
given  before  the  animals  showed  symj)toms  of  poisoning. 

Series  2. — Two  other  pigs  weighing  275  and  25(3  gm.  respec- 
tively were  given  0.5  c.c.  of  a  two  per  cent  solution  until  42 
doses  were  given,  without  producing  any  effect.  Treatment 
was  then  discontinued.  Ten  da\s  later  the  pigs  were  alive  and 
in  good  condition. 

Series  5. — Five  i)igs  were  given  lOXJM^F-I^-  of  U.  S.  gov- 
ernment standard  tetanus  toxin.  \\\\\\  the  first  appearance  of 
svmptoms  they  were  given  0.5  c.c.  of  a  two  per  cent  carbolic 
solution  evcr\-  two  hours  during  the  day.  without  any  apparent 
efifect.    All  (lied. 

Series  /. — Five  pigs  each  received  lOXM.F.D.  tetanus  toxin. 
The  carbolic  acid  was  given  every  two  hours  day  and  night, 
with  the  result   that  two  pigs  recovered  and  two  died. 

Series  5.- — Car])olic  injections  were  begun  with  two  of  the 
pigs  immediately  after  the  injection  of  the  toxin  with  the  pur- 
pose of  determining  whether  it  would  prevent  the  dexelopment 
of  tetanus.  This  it  failed  to  do,  as  the  pigs  developed  the  dis- 
ease and  died. 

Sheep  Treated  icitli  Carbolie  Acid. — Six  sheep  were  used. 
one  as  control.  ()f  the  sheej)  treated  all  received  tv,/o  ctibic  cen- 
timeters of  a  two  per  cent  carbolic  solution  every  two  hours 
day  and  night.  All  died.  In  comparison  with  the  sheep  in 
which  serum  alone  was  used,  there  was  a  very  slight  difference 
in  the  tonic  muscular  contractions,  the  carbolic  sheej)  being  less 
stilT.  The  difference,  however,  was  not  as  marked  as  with 
magnesium  sulfate  and  chlorttone*.  It  had  no  intluence  on 
the  course  of  the  disease. 

i'he   following  is  a  sample  i)rotocol: 

SIu'cj)  17,  wiiKlit  44. .T  kilns. 

Octolicr  29:   Jnociilatrd  in  liu-  usual  way. 

Ei},jlUli  (lay:  Showed  stilTnc.-^.s  in  tlic  front  legs,  lu;iil  I'xliinKd.  .Stumi) 
of  tail  cxti-ndi'd.  (This  was  tlic  only  siu'cp  wliiih  siiowfd  any  local 
tetanus.)  Tail  ami)Utatc(l  20  cm.  ahovc  jxiinl  of  ii\<iculation.  Two  cubic 
centimeters  of  a  two  ])i'r  cent  carliojio  sohnion  injected  suhculaneously 
every  two  hours. 

.Vinth  day:  Symi)lnins  nupie  marked.  Imixissilile  to  (,'et  up,  liut  could 
stand  wlien  placed  on  feel;  coidd  not  walk  wilhmit  falling.  Could  not 
swallow. 

Tenth  day  ;  Very  little  change  fr(jm  i)revious  day. 

i'Jcventh  day:   10  a.m.  clonic  convulsions.     Died  at  8  p.m. 

•Chlorbiitanol. 
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MAGNESIUM     SULFATE. 

Our  results  with  magnesium  sulfate  were  unsatisfactory,  all 
of  the  animals  dying  either  as  a  result  of  tetanus  or  as  a  result 
of  magnesium  sulfate  poisoning.  Six  sheep  were  used,  the  con- 
trol (Xo.  11'^)  dying  of  tetanus.  Of  the  five  sheep  treated,  two 
were  given  l.'^T)  gm.  per  kilo  body  weight;  three  were  given 
2.50  gm.  Those  receiving  the  smaller  amount  showed  no  effect, 
while  the  latter  all  died  apparently  of  magnesium  sulfate 
poisoning. 

PROTOCOLS. 

Sheep  87,  weight  35  kilos. 

March  26.     Inoculated. 

Ninth  day,  8:30  a.m.:  Sheep  sHghtly  stifif.  Tail  amputated,  1.2b  gm. 
magnesium  sulfate  in  salt  solution  per  kilo  injected  sulicutaneously  into 
abdominal  wall  under  aseptic  precautions.  Fifteen  minutes  required  for 
injection.  During  the  day  the  sheep  showed  no  signs  of  relaxation  but 
became  gradually  stiff er. 

Tenth  day :  Sheep  had  well  marked  tetanus.  Unable  to  get  up  or 
stand  when  placed  on  feet.  Magnesium  sulfate  repeated,  but  produced  no 
effect.  During  the  day  the  sheep  became  very  stiff,  legs  and  neck  hyper- 
extended. 

Eleventh  day :  Dead  in  stall. 

TABLE  6. 


Pig. 

Weight  g-m. 

Inoculated 
with  2  0  c.  on 

Symptoms. 

Date. 

Results. 

1 

350 

March  26 
••       27 

28 
"       29 
"       30 

31 
April  1 
•'      2 
•'      3 
"       4 
'•      5 

-1- 
-1- 
+ 
-1- 
-i- 
+ 
4- 
+ 

Api-il  i' 
•'     1 
"     1 
"     2 
"     3 
"     4 
"     5 
"     6 

2 

3 

4 

5 

6 

Recovered. 

7 

8 

Died. 

9 

>i 

10 

11 

Recovered. 

Protocol  of  sheep  which  died  from  magnesium  sulfate 
poisoning : 

Sheep  268,  weight  32  kilos. 

March  26.     Inoculated. 

Eighth  day:  Sheep  showed  slight  signs  of  stiffness  but  moved  about 
without  difficulty.  Tail  amputated.  2.5  gm.  per  kilo  of  body  weight  of 
magnesium  sulfate  in  salt  solution  injected  subcutaneously  into  abdominal 
wall  under  aseptic  precautions.  At  12:00  the  sheep  was  lying  on  its  side 
in  the  stall  completely  anesthetized.  There  was  relaxation  of  all  muscles. 
When  raised  from  the  floor  the  animal  was  quite  limp.  There  was  a  con- 
siderable amount  of  froth  around  the  mouth  and  mucous  exudate  from 
the  nose.  Respirations  were  shallow  and  infrequent,  12  per  minute.  This 
condition  was  unchanged  at  5  p.m. 

Ninth  day :  Sheep  dead  in  stall. 
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TABLE 


Pig. 

Weight  gm. 

Inoculated 
with  2  c.c.  on 

Symptoms. 

Date. 

Results. 

1 

'1 

350 

" 

March  26 

27 

"       28 

29 

30 

•'        31 

April       1 

2 

3 

t 

+ 
+ 
+ 

April  2 
"     2 
"     3 
"     3 
"     3 
"     4 

3 

4 

Recovered. 

6 

Died. 

8 

9 

Recovered. 

CHLORETONE.* 

In  administering  chloretone*  to  sheep  we  met  with  many 
difficulties.  The  drug  is  very  slightly  soluble  in  water,  0.8  of  one 
per  cent,  and  somewhat  less  in  normal  salt  solution.  For  this 
reason  it  was  impossible,  on  account  of  the  amount  rc(|uired, 
to  give  it  subcutancously  or  intravenously.  A  stomach  tube  can 
be  passed  with  little  difficulty  on  a  sheep  which  does  not  have 
tetanus.  In  this  way  sutticient  chloretone*  can  be  gi\en  in  a 
dilute  alcoholic  solution.  However,  when  the  animal  has  tetanus, 
the  passage  of  a  stomach  tube  frecjuently  causes  prolonged  con- 
traction of  the  muscles  of  respiralion.  leading  to  dcalh.  In  our 
preliminary  work  .several  were  kilUd  in  this  way.  Chloretone* 
is  readily  soluble  in  hot  olive  oil  and  remains  in  solution  when 
the  oil  is  cool.  Taking  ad\antage  of  this  fact,  wc  injected  chlore- 
tone* dissolved  in  oil  intraperitoneally.  lly  this  method  the 
animals  were  affected  almost  as  (|uickly  as  when  the  drug  was 
given  per  stomach.  Unfortunately,  ho\ve\er,  the  repeated  punc- 
tures necessary  in  a  prolonged  treatment  in  many  cases  cause 
peritonitis.  Although  conducted  under  asei)tic  precaution  it 
was  n(jt  always  possible  to  avoid  perforating  the  gut.  In  one 
series  we  tnaled  the  infecled  animals  with  chloretone*  alone 
and  in  another  with  chloret(»ne*  in  combination  with  serum.  The 
series  treated  with  ihloretone*  alone  is  as  follows: 

.Six  sheep  were  used,  one  as  control,  .\o.  ^i"!.  (  )|  iIk-sc,  two 
died  of  i)erit<jnilis  due  to  the  perforation  by  the  injecting  needle. 
(  )ne  died  probably  of  chloretone*  poisoning.     Two  reco\eretl. 

I  be  protocols  of  those  d\ing  of  pi  riloinli^  arr  not  instructive 
bcy(jn<l  tlic  fact  that  tlic  nniMiilar  symptoms  of  llu'  tetanus  were 

'(  lllollillt.'lllol. 
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entirely  controlled  and  the  amount  of  toxin  present  in  the  blood 
was  not  atteetcd. 

The  protocol  of  the  sheep  dying  of  chloretone*  poisoning  is 
as  follows : 

Sheep  46,  weight  36  kilos. 

July  1.    Inoculated  in  usual  way. 

Seventh  day:  Sheep  slightly  stiff,  particularly  the  neck,  which  he 
seemed  disinclined  to  move  Tail  amputated.  Seven  grams  of  chlore- 
tone* in  100  c.c.  of  olive  oil  injected  intraperitoneally.  One-half  hour 
after  injection  the  sheep  was  lying  on  its  side  apparently  asleep.  Reflexes, 
however,  were  present.  Pressure  in  amputation  stump  caused  slight 
movement. 

Eigiitli  day  :  In  same  position  and  apparently  in  same  condition  as  day 
before.     Unable  to  stand  and  refused  to  drink. 

Ninth  day  :  Sheep  lying  down  but  could  be  easily  aroused.  Drank  a 
little  water  with  an  effort  probably  due  to  position.  During  the  day  the 
sheep  became  wider  awake  and  showed  stiffness  of  forelegs  and  neck. 

5  P.M.:  Intraperitoneal  injection  of  7  grams  of  chloretone*  in  100  cc. 
of  oil. 

5:30  P.M.:  TJie  animal  was  completely  anesthetized.     No  eye  reflex. 

Tenth  day :  Sheep  found  in  same  position  as  left  the  night  before  and 
dead.    Death  probably  due  to  chloretone*  poisoning. 

The  guinea-pigs  injected  with  blood  from  this  sheep  showed 
the  usual  results. 

The  protocols  of  the  two  sheep  recovering  were  similar. 

Sheep  Zl ,  weight  34  kilos. 

Inoculated  July  1. 

Seventh  day:  Sheep  quite  stiff.  Tail  amputated.  Intraperitoneal  in- 
jection of  four  grams  of  chloretone*  in  100  c.c.  of  olive  oil.  One  hour 
later  the  sheep  was  lying  on  one  side  asleep  but  could  be  easily  aroused. 
All  rigidity  of  muscles  absent.     Remained  this  way  during  the  day. 

Eighth  day :  Sheep  lying  down  but  aroused  easily.  Drank  about  one- 
half  liter  of  water.  Refused  to  eat.  Fur  grams  of  chloretone*  given 
intraperitoneally.     Sheep  remained  sleeping  during  the  day. 

Ninth  day :  Sheep  in  same  condition  as  previous  day,  not  disturbed. 
Xo   chloretone.* 

Tenth  day :  Not  moved  from  position  in  which  he  was  placed  previous 
day.     Drank  a  small  amount  of  water.     No  chloretone.* 

Eleventh  day :  Sheep  awake  but  unwilling  to  move.  Refused  food 
but  drank  freely  about  1,500  c.c.  of  water.  During  the  afternoon  showed 
slight  return  to  stiffness. 

Twelfth  day:  Stiffness  more  marked.  Drank  water  but  refused  to 
eat.      Four  grams   of   chloretone*   injected   intraperitoneally. 

Thirteenth  to  fifteenth  day:  Sheep  remained  quietly  sleeping.  On  the 
fourteenth  day  drank  a  little  water.  On  the  morning  of  the  fifteenth  day 
was  awake  and  apparently  hungry  but  could  not  swallow  food.  There  was 
no  sign  of  muscular  rigidity.  From  this  time  the  animal  continued  to 
drink  and  on  July  17  ate  well.  There  was  no  sign  of  the  tetanus  from 
this  time. 

Pigs  injected  are  as  follows: 

*Chlorbutanol. 
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TABLE  8. 
Results  of  Inocul.4tion  with  Blood  of  Sheep  37. 


Pig. 

Weight. 

Inoculated 
with  2  c.c.  on 

Symptoms. 

Date. 

Results. 

1 

350 

July     1 
•'       2 
"       3 

4 
5 

;;     6 

8 
9 
"      10 
'•      11 
"      12 
■'      13 
"      14 
•'      15 
"      16 
"      17 
"       18 
••      19 
"      20 

+ 

+ 

+ 
+ 

+ 

+ 
■+• 

+ 
+ 
+ 
+ 

July  '  'i 
8 

8 
9 
"      10 
"      11 
"      12 
"      14 
"      15 
•'      16 
"      17 
"      19 

2  

3 

4 

Recovered. 

6 

Died. 

8 

9 

10 

11 

12 

13 

14               .... 

Recovered. 

15 

•• 

16 

17   

** 

18 

19                   ... 

20 

{llI.OKKTO.Xi;-    .\N"I)    .^F.RL'M. 

Six  sheep  were  used,  one  as  control,  No.  163.  Of  the  five 
treated  one  died  of  peritonitis  due  to  perforation.  Four 
recovered. 

The  protocol  of  ihc  sliccp  whirli  died  is  as  follows: 

Sheep  300.  wci^'lit  33.5  kilos. 

Inoculated  as  usual  July  13. 

Seventh  day:  Showed  slight  stiffness  in  the  forelegs.  Tail  amputated. 
Five  >.'rains  of  chlorctonc*  in  lOO  c.c.  of  olive  nil  injected  intraperitoneally 
and  2,000  units  of  serum  injected  intravenously.  During  the  injection  the 
sheep  got  away  from  tlie  attendant  and  was  kipl  on  the  tahle  with  diffi- 
culty. One  hour  after  the  injection  the  .sheep  was  lying  on  its  side  asleep. 
During  the  afternoon  it  remained  quiet  liut  at  5:30  p.m.  ahdomcn  was 
disteuflefl. 

Eighth  day:  Sheep  remained  (|iiiil  hut  ahdnnun  was  greatly  distinded. 
2,000  units  of  serum  injected. 

T.\HLE  9. 
Results  op  Inoculation  with  Blood  of  Sheep  800. 


PiCi. 

WeiKht. 

Inoculated 
with  2  c.c  en 

Symptoms. 

Date. 

Results. 

1 

360 

July   13 
•      14 
•'      15 
'•      1« 
"      17 

■•        IH 

••        19 

20 

21 

4- 
+ 
4- 

4- 
+ 

July"  is 
"     19 
"      19 
••     20 
■'      22 

2     

3 

•1 

5 

Recovered. 

0 

7 

H 

Died. 
Recovered. 

9 

•riiiorbtil.nii' 
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Ninth  day :  Sheep  dead  in  stall. 

Autopsy  showed  three  perforations  of  the  gut,  and  in  the  exudate  a 
streptococcus  and  a  long  bacillus  were  found. 

TABLE  10. 
Results  of  Inoculation  with  Blood  op  Sheep  110. 


Pig. 

Weight. 

Inoculated 
with  2  c.c.  on 

Symptoms. 

Date. 

Results. 

1 

350 

July  13 
"      14 
■•      15 
"      16 
■'      17 

+ 
+ 

July  "is 
'•      19 

2 

3 

4   

Recovered. 

5 

6 

"      18 

-1- 

"      19 

Died. 

7 

"      19 

-1- 

"      20 

8 

"      20 
"      21 

+ 

"      21 

9 

Recovered. 

10 

•'      22 

— 

11 

"      23 

— 

12 

•'      24 

— 

13 

"      25 

— 

14 

"      26 

— 

** 

15 

"      27 

— 

16 

'■      2S 

— 

17 

"      23 

— 

*' 

18 

"    go 

— 

19 

Aug.     1 

— 

20 

5 

The  following  is  a  protocol  of  one  of  the  four  sheep  which 
recovered : 

Sheep  110,  weight  36  kilos. 

Inoculated  as  usual  on  July  13. 

Seventh  day :  Sheep  slightly  stiff  in  forelegs  and  neck.  Tail  ampu- 
tated. Five  grams  of  chloretone*  injected  intraperitoneally  and  2,000 
units  of  serum  intravenously.  One  hour  later  sheep  was  lying  quietly  on 
its  side  asleep,  relaxation  complete. 

Eighth  day:  In  the  same  position  as  previous  day,  completely  relaxed. 
2,000  units  of  serum  injected.  During  the  day  sheep  remained  quiet,  but  at 
5:30  P.M.  began  to  wake  up  but  refused  to  drink. 

Ninth  day :  Sheep  well  awake  and  slightly  stifif.  Drank  about  one 
liter  of  water  but  refused  food.  Five  grams  of  chloretone*  in  100  c.c. 
of  olive  oil  injected  intraperitoneally  and  2,000  units  of  serum  intra- 
venously. Went  to  sleep  immediately  and  remained  so  during  the  en- 
tire day. 

Tenth  day:  In  same  position  as  previous  day  and  asleep.  No  stiffness. 
2,000  units  of  serum  injected  intravenously. 

Eleventh  day :  Remained  lying  on  side  during  the  day  but  could  be 
aroused,  and  at  5:30  p.m.  drank  a  little  water.  2,000  units  of  serum. 
No    chloretone.* 

Twelfth  day:  Sheep  awake  and  slightly  stiff.  2,000  units  of  serum 
injected  intravenously.  During  the  day  the  sheep  tried  to  get  up  but  was 
unable  to  because  of  stiffness  which  had  increased  to  a  considerable  extent. 

5   P.M.:   Intraperitoneal  injection   of  5  grams   of   chloretone.* 

Thirteenth  to  fifteenth  day:  Sheep  remained  sleeping  quietly.  At 
5:30  P.M.,  July  27,  could  be  aroused  and  drank  about  1,500  c.c.  of  water. 
On  each  of  these  days  2.000  units  of  serum  were  given  intravenously. 

Sixteenth  day :  Sheep  awake  but  not  stiff.  During  the  day  remained 
drowsy  but  the  stiffness  did  not   return  as  on  previous  days. 

*Chlorbutanol. 


554 

Seventeenth  day :  Sheep  awake,  could  stand  when  placed  on  feet  but 
was  very  w-eak.    Drank  well  and  ate  a  small  amount. 

Eighteenth  day  :  Improved  in  all  conditions.  No  stiffness  and  walked 
a  little.  Sheep  rapidly  recovered  strength  and  on  August  5  was  in  normal 
condition. 

The  pigs  injected  were  as  given  in  table  10. 

CONCLUSIONS. 

It  appears  to  us  that  the  following  conclusions  are  warranted 
by  these  experiments : 

1.  Amputation  after  the  appearance  of  symptoms  is  of  no 
value. 

2.  The  toxin  appearing  in  the  blood  stream  is  self-limited 
even  in  the  fatal  cases. 

3.  There  is  little  if  any  value  in  the  carbolic  acid  treatment 
of  the  disease. 

If  there  is  any  gain,  our  opinion  is  that  it  is  probably  due  to 
the  sedative  action  of  the  drug  and  not  to  any  direct  action  on 
the  disease  process,  and  that  tliis  result  may  be  obtained  with 
greater  certainty  l)y  other  drugs. 

4.  The  magnesium  sulfate  as  used  in  our  experiments,  sub- 
cutaneously,  is  of  no  value. 

5.  Antitetanic  serum  alone  has  a  definite,  although  usually 
insufficient,  curative  effect. 

G.  It  appears  to  us,  from  the  ol)servation  of  a  large  number 
of  animals  and  (juitc  a  numljcr  of  human  beings  dying  of  tetanus, 
that  the  exhaustion  due  to  the  muscular  contractions  is  a  large 
factor  in  producing  fatal  results.  For  this  reason  much  of  our 
work  has  been  given  to  the  attempt  to  hold  these  convulsions  in 
check. 

7.  The  presence  of  a  large  amount  of  toxin  in  the  blood  sev- 
eral days  (in  sheep  it  can  be  demonstrated  four  days)  before 
the  onset  of  clinical  symptoms  makes  it  imperative  that  a  method 
be  devised  for  easily  determining  this.  Willi  such  a  method  it 
is  (juite  probable  that  wc  could  save  a  large  proporiion  of  oiu- 
tetanus  cases. 

8.  With  our  ])rescnt  knowUdge  of  the  subject,  the  best  that 
can  be  done  in  the  treatment  of  tetanus  is  to  neutralize  the  toxin 
willi  re])eated  doses  of  serum  while  controlling  liu'  nnisiiilar 
spasm  with  sitine  such  drug  as  cbldretone.* 

'Cliiorhulanol. 


SPIROCHAETA  SUIS,  ITS  SIGNIFICANCE  AS  A 
PATHOGENIC  ORGANISM.* 

STUDIES  ON  HOG  CHOLERA. 

Wai.tkr  E.  King  and  George  L,  HoffmaNiX. 

(From  the  Research  Laboratory,  Parke,  Davis  &  Co.,  Detroit,  Michigan.) 

(with  plate  4.) 
introduction. 

Since  results  of  the  dark  field  study  of  the  blood  of  animals 
suffering  from  hog  cholera  were  reported/  the  work  has  been  con- 
tinued and  several  new  phases  of  the  problem  have  been  investi- 
gated. In  the  former  article  it  was  reported  that  a  relatively 
large  spirochete  and  characteristic  granules  were  present  in  the 
blood  of  40  hogs  infected  with  cholera,  representing  12  different 
strains  of  virus,  while  the  blood  of  48  normal  hogs  were  observed 
to  be  free  from  spirochetes  and  granules.  The  spirochetes  ob- 
served in  specimens  of  blood  from  cholera  hogs  were  very  few  in 
number,  but  the  characteristic  granules  were  apparently  always 
present  during  the  fastigium  and  were  regarded  as  important 
findings. 

In  conjunction  with  the  later  studies  of  this  spirochete  in  the 
blood,  many  observations  were  made  by  means  of  the  dark  field 
of  material  taken  from  the  intestinal  ulcers  of  hogs  dead  from  hog 
cholera.  Dark  field  examinations  have  been  made  of  the  necrotic 
tissue  from  the  intestinal  ulcers  of  all  animals  dead  from  hog 
cholera  during  the  course  of  our  experiments  of  the  last  six 
months.  Scrapings  from  the  intestinal  mucosa  and  contents  of 
the  crypts  in  the  ceca  of  normal  hogs,  some  of  them  being  sus- 
ceptible to  hog  cholera,  others  immune  to  the  disease,  were  also 
examined  at  every  opportunity.  In  all,  the  study  with  the  dark 
field  of  material  from  the  crypts  and  ulcers  of  normal  and  dis- 
eased hogs  has  included  about  140  cases.  As  a  result  of  this 
work,  the  details  of  which  will  be  published  separately,  we  are 
inclined  to  believe  that  the  following  observations  are  true : 


•Received  for  publication  .August  11,  1913. 

'King,  Baeslack,  and  Hoffmann,  Jour.  Infect.  Dis.,   1913,   12,  p.  206. 

555 


556 

1.  The  mucosa  of  the  large  intestine,  particularly  that  of  the 
cecum,  of  normal  hogs,  includes  in  its  flora  non-pathogenic  spirilla 
and  spirochetes,  relatively  large  forms  predominating. 

2.  In  the  ulcerated  patches  of  cecal  mucosa  and  in  the  crypts, 
near  the  ilco-cecal  valve,  of  hogs  dead  from  cholera  is  localized  a 
constant  species  of  spirochete,  which  is  pathogenic  for  swine  and 
which  plays  an  important  part  in  the  production  of  hog  cholera. 

3.  The  crypts  and  healed  ulcers  of  hogs  actively  immunized 
against  hog  cholera  may  contain,  for  a  variable  period  of  time 
after  immunization,  in  addition  to  non-pathogenic  spirochetes,  the 
same  species  of  pathogenic  spirochete  referred  to  above. 

There  are  many  factors  entering  into  the  above  tentative  con- 
clusions which  cannot  be  discussed  in  detail  in  this  paper,  but 
which  will  follow  in  future  reports  of  our  studies  on  this  disease. 
Among  the  more  important  observations,  however,  are  the  results 
obtained  from  the  experimental  curative  treatment  of  cases  of  hog 
cholera  witli  arsenical  and  mercurial  ])rcparations.  This  work- 
results,  not  in  cures,  but,  usually,  in  prolongation  of  life,  which, 
in  most  cases,  was  coincident  with  an  apparent  decrease  in  number 
or  total  disappearance  of  the  spirochetes  in  question  from  the 
necrotic  tissue  in  the  cecal  ulcers.  Positive  dark  field  findings  of 
spirochetes  in  intestinal  ulcers  of  cholera  hogs  are  in  accordance 
with  the  results  reported  by  von  Riither,'  Uhlenluuli  and 
Ilaendel,-  and  Betegh.^  The  presence  of  spirochetes  in  the  bile  of 
cholera  hogs,  as  reported  by  Uhlenhulh  and  Ilaendel.  has  not 
been  found  in  the  cases  examined  thus  far. 

On  act-<junt  of  the  fact  that  efforts  to  secure  cultures  or  saii>- 
factor\'  stained  preparations  of  SphocJucta  suis  from  the  blood 
of  cholera  hogs  were  not  successful,  and  because  of  ihc  large 
amouiU  of  bacterial  contamination  i)resenl  in  the  intestinal  lesions, 
attempts  were  made  to  lind  localized  foci  of  the  organism  else- 
where in  the  diseased  body.  Microscopical  preparations  and  cul- 
tures were  made  from  the  spleen,  liver,  lymphatic  glands,  s])inal 
cord,  cerebros|)iiial  fluid,  bile,  and  urine.  Tlu^e  .iltenipls  wcri' 
unsuccessful  except  in  one  instance.  in  one  case  (lloj;  (li;"). 
inoculated  subculaneouslv  with  exudate  from  local   lesion,   llog 


'/?rW.  licrarcll.  Uclni.ichr..  1911,  '..'7,  p.   MM. 
"llundbiich  d.  path.  Mikroorij.,   1U13,  0,  p.  M'. 
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599),  the  dark  field  revealed  in  the  inguinal  lymph  gland  a  spiro- 
chete resembling  the  assumed  pathogenic  form.  In  many  of  the 
dark  field  preparations  numerous  granules  were  observed,  but  it 
was  impossible  to  draw  any  definite  conclusions  as  to  their  origin 
and  relationship  to  Spirochccta  suis  or  to  tissue  elements. 

Finally,  when  an  opportunity  presented  itself,  dark  field 
examinations  were  made  of  external  lesions  on  the  leg  and  ear  of 
a  case  of  cholera  of  the  chronic  type  (Hog  583,  May  8,  1913) 
and  they  were  found  to  contain  spirochetes,  presumably  of  one 
species,  in  large  numbers.  So  far  as  we  know,  similar  observa- 
tions have  never  been  reported  except  by  Dodd'  of  Pretoria, 
Transvaal.  In  describing  "a  disease  of  the  pig  due  to  a  spiro- 
chete," Dodd  states  that  he  found  a  spirochete  in  the  cutaneous 
lesions  of  a  number  of  pigs.  The  disease  could  not  be  trans- 
mitted experimentally  by  the  inoculation  of  blood  from  an  in- 
fected animal,  but  was  transmitted,  however,  by  actual  contact. 
The  infection  was  fatal  to  several  pigs.  Autopsy  revealed  nothing 
except  the  local  skin  lesions  and  general  anemia.  The  disease 
appeared  to  be  some  cutaneous  infection  due  to  the  spirochete 
found  in  the  local  lesions.  Scrapings  from  the  skin  of  healthy 
hogs  and  from  the  normal  skin  of  the  afifected  pigs  were  found 
to  contain  no  spirochetes. 

Since  the  first  observation  we  have  not  only  found  that  all 
external  local  lesions  examined,  including  11  cases  of  hog  cholera, 
were  constant  foci  for  SpirocJucta  suis,  but  we  have  also  been 
able  to  produce  typical  hog  cholera,  with  local  external  lesions,  by 
inoculating  a  small  bit  of  the  tissue  or  a  small  amount  of  exudate 
from  local  lesions  of  the  aiTected  animal  into  a  healthy  pig. 
Scrapings  from  the  healthy  skin  of  hogs  and  from  the  areas  of 
discoloration  on  the  ventral  surface  of  the  body  of  animals  suffer- 
ing from  cholera  have  been  submitted  to  dark  field  examination 
with  negative  results.  The  results  of  this  work,  which  is  still  in 
progress,  will  be  published  later. 

In  our  former  paper,  the  spirochete  observed  in  the  blood  of 
hogs  infected  with  hog  cholera  was  described  as  follows : 

"In  the  specimens  of  blood  from  all  infected  hogs,  which  have  been 
observed  by  means  of  the  dark  field,  a  relatively  large  spirochete  has 
been  found.     It   averages  from  five  to  seven  microns   in  length  and  one 

^Joiu:  Comt.  Path,  and  Thcr.,  1900,   19,  p.  21C. 
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micron  in  width.  The  body  of  the  organism  is  flexible  and  round  at  its 
ends.  It  presents  no  knobbed  appearance  at  its  poles.  .Actively  motile, 
it  revolves  about  its  longitudinal  a.xis.  Its  motility  is  undulating  in  char- 
acter and  its  spirals  are  fixed.  A  lew  of  these  organisms  have  been 
observed  dividing  longitudinalK .  In  one  permanent  microscopical  mount, 
prepared  by  india-ink  fixation,  one  of  these  organisms  apparently  shows 
a  polar  flagelluni.  On  the  dark  field  this  spirochete  is  readily  distinguished 
from  bacteria  on  account  of  its  lack  of  rigidity  and  its  characteristic 
motility,  and  from  'blood  filaments'  by  its  greater  refractive  properties 
and   characteristic   morphology. 

"This  spirochete  has  not  been  found  in  large  numbers  in  any  of  the 
blood  preparations.  However,  in  nearly  every  specimen  examined  more 
than  one  has  been  observed  and  in  many  cases  five  or  six  have  been  found 
with  little  difficulty.  As  a  rule  the  organisms  have  been  found  to  be 
more  numerous  at  the  height  of  the  disease.  The  specimens  of  blood 
examined  have  been  diluted  in  the  proportion  of  about  one  to  ten  or 
fifteen  with  sterile  sodium  citrate  solution,  which  factor  should  be  con- 
sidered in  contemplating  the  number  observed  in  a  given  positive  speci- 
men. Moreover,  it  is  suggested  that  this  organism,  when  observed  as  a 
spirochete   form,   constitutes  only  one   stage  of  its  development." 

This  description  appears  to  be  correct,  except  that  we  have 
never  \erifie<l  the  presence  of  a  polar  flagellum. 

It  must  be  conceded  that  any  sticcessful  dark  field  investiga- 
tion requires  patient  work  and  nnich  ])raclice  in  interpretation. 
Therefore,  one  unaccjuainted  w  ilh  ihe  ilark  field  should  not  expect 
to  obtain  immediate  satisfactory  results  from  the  sttidy  of  blood. 
An  intimate  coiu'se  of  stud\-  is  necessary  to  enable  one  to  differen- 
tiate l)etween  "lilaments,"  artefacts,  and  organisms  of  the  mor- 
l^liological  nature  of  the  spirochete  described  in  the  blood  of 
cholera  hogs.' 

'idle  last  slalenient  (juoted  we  now  accept  as  a  conclusion 
rather  than  a  suggestion.  Kesults  lead  us  to  believe  that  the  spiro- 
chete obser\ed  in  few  miinlnTs  in  tlir  blodd  ot  ilmUMa  hogs  is  a 
transitional   form. 

'idle  spirochete,  whiih  is  ciinst.intK  ob>er\ed  in  the  uKcraled 
mucosa  and  cr\|)ts  in  the  ceca  and  in  the  external  Ineal  lesions  of 
cholera-infette<l  animal>.  is  an  aiii\e  motile,  comparatively  long, 
spiral-shaped  organism,  of  slight  ihiekne'^s.  Mcastu-ements  show 
that  it  is  a])proximately  O-Ki  mieroiiN  in  ien-^lli,  a\(.'ra.ning  about 
7  or  S  microns,  and  ().;>-(). (I  micron   in  width.      Ihi'  eoiu  (ilntioiis 

'In  this  connection  wc  were  especially  fortiinalc  in  tlic  collahoiation  of  our  col- 
leaRnc,  Dr.  I".  VV.  Jlacslack.  Hccau.sc  of  his  cxjicriciicc  with  the  dark  ficlcl  in  his  sturly 
of  Spirnchiria  f'alliiliim  fsoe  Jmir.  hifat.  I>is..  liH.'l.  12.  (i.  .^.^i)  and  in  his  cxpcriinc-n- 
tal  ohscrvations  of  certain  'Irypanosomes,  our  dark  field  study  of  hog  cholera  l>loo<l 
was  placed  to  great  advantaKc.  It  is  a  pleasure  to  .icku.iwledKc  his  valuable  .issislancc 
in  that  work,  as  well  as  tiie  many  helpfid  suKKislions  he  has  r)flereil  in  our  piesent 
investigation. 
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vary  from  three  to  ten  in  number,  rarely  more  than  eight,  and 
the  spirals  are  tixed.  It  has  been  observed  to  divide  longitu- 
dinallv,  and  morphological  variations,  such  as  described  by  ( jleits- 
mann^  as  a  ])art  of  the  life  cycle  of  the  Sudanspirochretae,  have 
been  observed. 

In  our  former  report  on  the  dark  field  study  of  the  blood, 
observations  relative  to  the  presence  of  granules  were  summar- 
ized as  follows : 

"Certain  types  of  granules  appear  to  be  characteristic  of  blood  from 
cliolera  hogs.  It  usually  contains  many  granules,  some  very  fine  yet  more 
distinct  than  blood  dust,  some  larger  still,  and  some  very  distinct,  highly 
refractive  bodies.  In  many  specimens  of  cholera  blood  were  observed 
innumerable  small  granules,  which  were  much  more  definite  and  distinct 
in  outline  than  blood  dust,  and  easily  differentiated  from  the  whitish, 
partially  refractive  granules  from  ruptured  leukocytes  and  from  the  more 
highly  refractive  and  larger  bodies  composed  of  debris,  bacteria,  and  fila- 


I'lG.    1. — Photomicrograph    of    Sfirochata   snis   in    exudate,    ear    lesion,    Hog    G20. 
X1200.      (Dark  field  preparation.) 

ments.  In  this  work  the  presence  of  these  granules  appeared  to  be  so 
characteristic  of  blood  from  cholera  hogs  that  it  became  an  invaluable 
aid  in  finding  the  spirochetes.  While  these  particular  bodies  may  be  dis- 
integrated blood  elements  resulting  from  disease  processes,  yet  it  may 
properly  be  suggested  that  some  of  them  may  represent  certain  stages 
in  the  life  cycle  of  the  spirochete  which  has  been  observed." 

As  the  result  of  continued  investigations,  we  l^elieve  that  the 
granules  represent  an  important  factor  in  the  life  history  of  Spi- 
rochccta  suis.  References  to  similar  observations  in  the  study  of 
various  spirochetes  are  found  in  the  writings  of  Balfour,"  Moh- 

^Ccntralbl.  f.  I,  Orig.,  1913,  68,  p.  31. 
"Report  11',  li'cllcomc  Research  Lab.,  p.  70. 
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lens,^  Ross/  ^IcDonagh/  Dutton,*^  ■Slayer,'  IMackinnon/^  Schel- 
lack,"  Bosanquet,"  Marchoux  and  Couvy/^  and  others. 

In  cultures  made  from  material  containing  Spirochccta  siiis  the 
presence  of  small  granular  forms  is  quite  constant.  As  these 
appear  in  dark  held  preparations  from  cultures,  they  resemble 
those  which  were  observed  in  the  l)lood,  and  are  seen  in  the 
exudate  from  local  lesions,  of  cholera-infected  hogs.  They  are 
relatively  liiglil\-  refractive,  smaller  than  cocci,  peculiarly  distinct 
in  appearance  from  foreign  material,  and  possess  more  than  the 
characteristic  Brownian  movement.  The  assumption  that  these 
granules  form  an  integral  part  of  the  l)i()logic  processes  of  the 
organism,  Spirochccta  siiis,  is  substantiated  by  the  results  of  the 
detailed  experiments  wdiich  follow. 

Recognizing  the  difficulties  in\olved  in  attempting  to  study 
Spirochccta  siiis,  and  in  determining  its  possible  significance  as 
a  pathogenic  form,  our  efforts  have  been  directed  toward  the  cul- 
ti\ation  of  the  organism.  This  work  has  included  the  inoculation 
of  artificial  culture  media  with  ])l()()d,  intestinal  ulcers,  urine,  con- 
tents of  local  external  lesions,  and  other  tissues  from  cases  of  hog 
cholera,  followed  by  careful  dark  field  examination. 

CULTIVATION    OF   SI'I  K(KH.I-:T.\    SUIS.^" 

A  great  many  plantings  on  a  \ariety  of  artificial  culture  media 
have  been  made  from  the  blodd,  iiUestinal  ulcers,  and  external 
local  lesions  of  cholera-infected  animals.  Tlicsc  cultures  have 
been  made  chiefly  in  dec])  horse  serum  media,  to  which  have  been 
added  \arious  chemicals  in  dilTcrcnl  ]iroportions.  All  ha\e  l)een 
grown  under  strict  anaerobic  conditions  in  special  electric  incu- 


''llandbitcli  d.  Path.  Frotococii,  Frozvacck,  LiipziK,   1912,  ]>.  ■'■(U. 

'Brit.   Med.  Jour.,   1012,   p.   1Cr>l. 

'■Lancet,  Froc.   Roy.  Soc,  1913,  0,  p.  SG. 

'Jour.   Trap.    Med.,    1007.   10.   p.   .S85. 

VJrc/i.  /.  Schiffs.-u.   Tropcuhvg..  1908.  12,  BcilRflc  I,   p.   1. 

"Parasitolof/v,    1000,  2,  p.  207. 

Mrfr.  a.  d.  k.  G.indlitsamic,  1000,  .^0,  p.   ?,:,\. 

^"Sfirochcrtcs,   Saiiii<li-rs,   1011. 

"//»i>i.  dc  I'liist.  I'a.tl.,  IOi:i,  27,  p.   I'lO. 

"As  the  proof  of  this  paper  is  being  read  we  note  an  article  in  current  literature  liy 
Pfeilcr  and  I.enI/.  (lierl.  ticriirztl.  ll'clni.uhr.,  lOKt,  20,  p.  COO),  wiio  present  the  case 
histories  of  15  pigs  wiiirli  dicil  after  liavinK  received  injections  of  cultures  made  from 
the  Ilerkefeld  Cillrates  of  serum  and  tissue  exudates  from  Ii<>k  cluilcra  infi-clcd  ini'n.ils. 
'J'hesc  cultures  represented  transfers  in  the  first,  second,  third,  and  fcnirtli  Rcncralions. 
The  authors  carefully  avoid  any  statements  which  nuKht  indicate  the  nature  of  the 
cultures.  No  mention  is  made  of  the  characler  of  the  organism  in  tluir  cultures,  tiie 
composition  of  their  culture  nieilium,  or  how  long  or  under  what  condilions  tlic  cultures 
were  incuhated.  On  accoinit  of  the  conspicuous  lack  of  important  data  one  can  form 
no  conclusion  as  to  their  mode  of  procedure,  and,  hence,  the  results  which  they  have 
published  must  be  regarded  with  some  skepticism. 
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bators.  Various  means  were  used  in  attempting  to  eliminate  con- 
taminating organisms,  which  were  always  present  in  cultures 
made  from  the  ulcers  and,  to  a  lesser  extent,  in  those  made  from 
material  in  local  lesions. 

The  culture  medium  which  proved  most  successful  consisted 
of  a  mixture  of  horse  serum  and  pyrogallic  acid,  in  which  was 
placed  fresh  rabbit  kidney  at  the  time  of  inoculation.  The  pyro- 
gallic medium  of  Proca,  Danila,  and  Stroe^  was  made  up  in  lots 
of  one  liter  each  by  adding  to  900  c.c.  of  horse  serum  100  c.c.  of 
pyrogallic  acid  mixture.  The  pyrogallic  solution  should  be  some- 
what aged.  A  stock  of  solution  was  therefore  kept,  which  con- 
sisted of  pyrogallic  acid,  10  gm. ;  sodium  hydroxid,  20  gm.,  and 
water,  1,000  c.c.  After  the  addition  of  this  mixture  to  horse 
serum  and  distribution  in  tubes  the  medium  was  heated  one  hour 
at  60°  C.  on  each  of  three  consecutive  days. 

While  this  pyrogallic  serum  medium  does  not  eliminate  all 
bacterial  contamination,  at  the  same  time  allowing  the  spirochete 
to  grow,  it  will  be  found  to  give  better  results  than  media  contain- 
ing formol,  gentian,  violet,  phenol,  or  other  inhibitory  substances. 
For  uncontaminated  material,  such  as  Berkefeld  filtrates  of 
impure  cultures  of  spirochetes,  plain  or  ascitic  horse  serum  media 
were  utilized.  Fresh  rabbit  kidney  was  added  to  all  media  used 
and  care  was  exercised  that  the  horse  serum  was  only  partially 
coagulated  and  soft  in  consistency  when  ready  for  use. 

The  cultures  have  been  examined  at  different  intervals  of  time, 
following  inoculation  and  incubation,  in  order  to  detect  any  facts 
which  might  come  to  light  concerning  the  life  history,  morphology, 
and  physiological  habits  of  the  organism.  The  method  of  exam- 
ining cultures  consists  simply  in  withdrawing,  with  a  sterile 
capillary  pipette,  a  small  portion  of  culture  from  the  lower  layers 
of  the  medium  and  examining  the  same  in  microscopical  mount 
by  means  of  the  dark  field.  The  Giemsa  method  of  staining  is 
employed  whenever  permanent  mounts  are  desired.  After  some 
practice  one  can  readily  detect,  by  the  dark  field,  spirochetes  and 
granules  in  fresh  cultures  in  distinction  from  cocci,  other  bac- 
terial contamination,  crystals,  and  small  particles  of  culture 
medium. 


^Comtt.  rend.  Soc.  dc  bid.,  1912,  72.  p.   89."). 
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NOTES  ON  TRANSMISSION  OF  HOG  CHOLERA  BY  MEANS  OF  CULTURES 
OF  SPIROCH^TA  SUIS. 

I.    Original  Culture. 

Culture  551-A  Avas  secured  from  the  ulcerated  cecum  of  Hog  551. 
The  account  of  this  case  ma\'  be  found  in  the  chart  for  Hog  551.' 

Cultures  were  made  from  the  ulcerated  cecum,  spleen,  and  lymphatic 
glands  of  Hog  551.  Those  from  the  spleen  and  lymphatic  glands  devel- 
oped no  growth,  while  some  of  those  from  the  cecum,  after  five  days' 
incubation  under  anaerobic  conditions,  showed  the  growth  of  siiirochotes 
which  varied  in  form  and  size.  Fig.  3,  p.  212,  in  our  former  publication^ 
shows  a  photomicrograph  of  a  stained  preparation  made  from  this  cul- 
ture. When  this  culture  was  studied,  our  attention  was  directed  espe- 
cially to  the  larger  forms  of  spirochetes  which  were  found  in  it.  This 
was  due  to  the  fact  that  we  were  familiar  with  the  form  which  had  been 
observed  in  the  blood  of  cases  of  hog  cholera.  At  this  time  no  special 
attention  was  given  to  smaller  forms  representing  more  typical  spirochetes 
which  were  present  in  this  culture,  as  was  shown,  some  weeks  after  the 
study  of  the  culture,  by  careful  re-examinations  of  the  permanent  stained 
prciiarations. 


t-Kmmi^ 


Fig.  2. — Ulcers  in  ci-cimi  <if  Hog  500. 

Transfers  were  mafic  from  Culture  551-.\  and  grown  both  acrobically 
and  anacrobically.  The  species  of  bacteria  which  contaminated  Culture 
551-.\  were  very  carefully  isolated  and  identified  as  follows:  B.  l^yocy- 
OKCtis,  three  strains;  li.  coli  coiniiiuuis,  five  strains.  These  cultures,  which 
contaminated  551-A,  representing  Ji.  coli  communis  and  H.  pyocyancus, 
were  mixed  and  susjjcnded  in  iihysiologic  salt  solution.  Six  cubic  centi- 
meters of  this  suspeiisi<)n  on  March  14  were  injected  intravenously  into 
Hog  570.  'J'his  animal  showed  no  disposition  to  develop  hog  cholera,  but 
(lid  react  to  tlie  injection  of  live  H.  pyoryaiicus  and  B.  coli  comiuiuiis, 
as  tiie  clinical  chart    for  Hog  570  will   show. 

Culture  551-.\  was  siis|iended  in  sterile  physiologic  salt  solution  and 
an  intraveiu)us  injection  of  10  c.c.  ^■iven  to  Hog  559.  The  results  of 
this  inoculation   are   recorded    in   the  chart    for   Hog  559. 

'I'ositivc  aii<l   negative  signs  indicate   the   presence   or  aliseiice  of  Sfiioclnrta  suis 
in  the  lilood  of  the  animal  on  ilales  imlicated. 
"Jour,   hifi-tt.  J>i.f.,    l!M:t,   PJ.  Ji.   200. 
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Hog  551. 
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January  10.     Received  from  Rochester,  Mich. 

January  16.     Intramuscular  injection  8  c.c.  of  virus,  Berkefeld  filtered,   lU  saline. 

Ohio  (Pettigrew)  strain. 
January  31.     Animal  very  weak. 
February  5.     Animal  moribund,  bled  and  examined. 

Typical  lesions  of  cholera:  lungs,  large  areas  of  hepatization;  kidney,  petechiated, 
capsule  non-adherent;  lymphatic  and  inguinal  glands,  greatly  enlarged  and  hemorrhagic; 
spleen,  friable  and  engorged  with  bloud,   normal  in  size;  cecum,  large  area  of  ulcers. 


Hog  570. 
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March  14.  Intravenous  injection   of   6  c.c.  physiologic  salt  suspension  cultures  from 

cecum  of  Hog  559. 
March  18-25.     Slightly    indisposed,    appetite    not    good,    otherwise    condition    practically 

normal. 
March  31.  Apparently  in  good  condition. 

April      2.  A  little  "off  feed." 

April      9.  Fully  recovered,  released  and  put  on  other  work  April  14. 

April    30.  Animal   found  dead,   result   of  intramuscular  injection  of  5  c.c.   II   Cycle 

virus.     Typical  lesions  of  hog  cholera. 
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Hog  559  was  in  a  perfectly  healthy  condition  at  the  time  of  inocula- 
tion, February  10,  and  weighed  approximately  75  pounds.  Four  days  after 
inoculation  the  temperature  of  the  animal  began  to  rise  and  on  the  fifth 
day  symptoms  of  hog  cholera  appeared.  The  animal  was  slightly  "off 
feed"  and  inclined  to  be  inactive.  Dark  field  examination  of  the  blood 
at  this  time  showed  the  presence  of  a  few  spiroclietes  and  characteristic 
granules.  After  48  hours  the  temperature  dropped  somewhat  and  for 
several  days  ranged  between  103°  and  104^  About  12  days  after  the 
inoculation  a  remission  occurred,  the  temperature  was  elevated  2°  during 
one  afternoon,  and  from  tliis  time  the  animal  gradually  grew  worse  until 
death,  which  occurred  22  days  after  inoculation.  The  later  symptoms 
consisted  of  weakness,  inability  to  use  hind  quarters,  blood}'  urine,  mucous 
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diarrhea,  anorexia,  and  general  malaise.  On  March  4  the  animal  was 
moribund,  and  after  being  photographed  was  bled  from  the  carotid  artery 
and  examined  (see  i)liotngraph  of  Hog  55"^).  On  autopsy  typical  lesions 
of  hog  clKilera  were   found. 

Hlood  extravasations  were  present  in  the  subcutaneous  tissue,  espe- 
cially in  the  axillary  region  and  lower  abdominal  region.  Both  the  auricles 
and  ventricles  of  llu-  liiart  showed  ecchymosis.  The  huigs  contained 
numerous  iiemorrhagic  infarcts  and  a  few  areas  of  hepatization.  The 
liver  appeared  to  be  somewhat  enlarged  and  contained  areas  of  fatty  dc- 
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generation.  The  spleen  was  slightly  atrophied,  tissue  firm,  but  engorged 
with  blood.  Both  kidney's  were  full  of  petechiae.  The  mucosa  of  the 
cecum  and  the  large  intestine  was  congested  and  marked  with  hemor- 
rhagic spots  throughout.  Two  typical  button  ulcers  were  found  in  the 
cecum.  In  the  small  intestine  there  were  present  two  enlarged  areas, 
consisting  of  necrotic  intestinal  wall  surrounded  by  extensive  hemor- 
rhages. The  peritoneum  in  the  lower  abdominal  region  showed  hemor- 
rhagic areas.  The  mesenteric,  inguinal,  and  intraperitoneal  lymph  glands 
were  enlarged   and  hemorrhagic    (see  Plate  4). 

A  specimen  of  blood  serum  from  Hog  559  w^as  filtered  through 
Berkefeld,  after  being  diluted  1  :4  with  physiologic  salt  solution,  and  10 
c.c.  of  the  filtrate  injected  intramuscularly  into  Hog  569.  This  material 
proved  to  be  virulent,  as  Hog  569  showed  severe  symptoms  of  hog  cholera 
five  days  after  inoculation  and  became  moribund  on  the  eleventh  day. 
The  autopsv  showed  classical  lesions  of  hog  cholera  (see  chart  for 
Hog  569). 
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Felji'uary  10.     Intravenous   injection   10   c.c.        March    7. 
suspension    physiological    salt 
solution  of  Culture  551-A.  March    7. 

February  15.     Clinical      symptoms      present, 
appetite  poor. 

February  23.     Animal     improved    in     condi- 
tion. 

February  25.     Remission.  March  12. 

March  4.     Animal    moribund,    and    bled        March  IS. 

from  carotid  artery.  Typical 
lesions:  heart,  lungs,  kidney, 
cecum,  and  lymphatic  glands. 


Blood  negative,  free  from  gran- 
ules. 

Intramuscular  injection  of  10 
c.c.  Virus  559,  diluted  1 :4, 
physiological  salt  and  Berke- 
feld-filtered  strain  (Culture 
551-A). 

Symptoms  appeared. 
Animal  moribund  and  bled 
from  carotid  artery.  Lesions 
typical:  heart,  lungs,  kidney, 
inguinal  glands,  and  mesenteric 
lympth  glands;  ulcers  in  cecum. 


With  reference  to  infection  from  other  material  than  tliat  which  was 
used  in  the  inoculations,  it  should  be  stated  that  results  from  Hog  559, 
as  well  as  all  others  used  in  this  series  of  experiments,  were  carefully 
controlled  by  the  presence  of  normal  hogs  in  the  experimental  stable. 
The  animals  used  in  each  series  of  experiments,  as  well  as  the  normal 
animals,  were  kept  in  separate  rooms.  The  normal  animals  were  placed 
under  exactly  the  same  conditions  and  had  the  same  care  that  was  exer- 
cised in  regard  to  the  treated  animals. 

An  additional  control  on  this  work  depended  upon  the  use  of  Hog 
570,  which  was  inoculated  with  the  contamination  present  in  Culture 
551-A.  Furthermore,  it  has  been  observed  that  the  serum  of  Hog  559, 
filtered  through  Berkefeld,  was  capable  of  producing  tj'pical  hog  cholera 
in  Hog  569. 
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Among  the  criticisms  which  may  be  offered  on  this  experi- 
ment, the  most  important  relates  to  the  possibility  of  transferring 
the  original  virus  from  Hog  551  through  Culture  551-A.  This 
point  could  not  be  controlled,  although  an  estimate  was  made  that 
Hog  559  received  less  than  1/750  c.c.  of  material  originally  ob- 
tained from  the  ulcer  of  Hog  551.  It  has  been  estimated  by  King 
and  Wilson^  that  the  minimum  fatal  dose  of  hog  cholera  virus, 
diluted  in  physiologic  salt  solution,  is  approximately  1/300  c.c. 
The  above  approximation  that  Hog  559  received  about  1/750  c.c. 
was  obtained  on  the  basis  of  the  utilization  of  about  1/15  gm.  of 
ulcer  from  Hog  551  in  approximately  10  c.c  of  culture  media. 
However,  these  estimates,  including  both  the  suggested  mini- 
mum fatal  dose  of  hog  cholera  virus  in  physiologic  salt  solution 
and  the  amount  of  original  material  transferred  through  Culture 
55-A  to  Hog  559,  are  open  to  serious  question  in  attempts  to 
estimate  whether  or  not  any  of  the  original  virus  from  Hog  551 
was  transferred  to  Hog  559. 

II.    Transfer  i.     Second  Generation  on  Artificial  Media. 

This  culture  was  secured  from  the  strain  of  virus  from  Hog  577. 
This  animal  received  an  intramuscular  injection  of  8  c.c.  horse  serum 
virus,  diluted  1  :4  in  physiologic  salt  solution  and  Berkefeld  filtered.  The 
animal  developed  typical  symptoms  of  hog  cholera,  and  after  nine  days, 
being  moribund,  was  bled  from  the  carotid  artery  and  examined. 

Hog  587  on  April  11  received  an  intramuscular  injection  of  5  c.c. 
of  serum  from  Hog  577.  This  animal  promptly  developed  hog  cholera 
of  the  acute  type  after  five  days'  incubation  and  was  bled  and  examined 
eight  days  after  inoculation.  The  autopsy  showed  typical  lesions  of  hog 
cholera  of  the  acute  type.  Numerous  blood  extravasations  were  present 
in  the  subcutaneous  tissue,  especially  in  the  axillary  region.  Both  lungs 
were  almost  completely  consolidated.  The  kidneys  showed  areas  of  cloudy 
swelling  and  petechia?,  near  the  upper  ends.  The  spleen  was  engorged 
with  blood.  The  mesenteric  and  inguinal  glands  were  enlarged  and  hem- 
orrhagic. The  cecum  contained  a  few  small  ulcers  around  the  valve  (see 
chart  for  Hog  587). 

On  April  19  cultures  were  made  from  the  material  obtained  from 
the  small  ulcers  in  the  cecum  of  Hog  587.  These  were  incubated  under 
anaerobic  conditions  for  a  period  of  17  days  and  on  May  5  dark  field 
examination  showed  the  presence  of  Spirochccta  suis.  A  variety  of  con- 
taminating organisms  was  also  present,  both  cocci  and  bacilli  being  rep- 
resented in  the  contamination.  The  culture  medium  in  the  tube  labeled 
"587-A"  showed  no  liquefaction  from  the  growth  of  the  contaminating 
bacteria,  and  from  it  a  number  of  transfers  were  made  on  May  5.  On 
May  27,  after  incubation  for  22  days,  transfer  labeled  "Transfer  1-587-A," 
when  submitted  to  dark  field  examination,  showed  a  few  Spirochcetcc 
suis  and  numerous  granules.     All  of  the  contaminating  bacilli  which  were 


^Bull.  171,  Kansas  State  Agric.  Coll.,  p.  1G.3. 
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Hog  587. 
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March  27.     Intramuscular    injection    8    c.c. 
activated    horse    serum,    diluted 
1:4,    physiological    salt    solution 
and  Berkefeld  filtered. 
1.     Symptoms  appeared. 
3.     Animal    very    weak    in    hind 

quarters. 
5.     Animal  moribund,  bled  and  ex- 
amined, 
cal     lesions:     heart,     lungs,     kidney, 
glands,  cecum;  small  intestine  infect- 
h   Ascariadcc  suclla. 


April 
April 

April 

Typi 
lymph 
cd    wit 


April  11.     Intramuscular   injection    of  5 
c  c.     of     Virus    577    I    Cycle 
activated    horse    serum. 
April  10.      Symptoms      of      cholera      ap- 
peared. 
April  19.     Animal  moribund,   bled  from 
carotid   artery   and    examined. 
Lesions:    lungs,  spleen,   cecum,   .subcu- 
taneous tissue,  and   inguinal  glands. 


present  in  the  original  culture,  587-A,  had  disappeared  and  the  only  con- 
tamination present  in  the  transfer  was  a  micrococcus.  .\  portion  of  this 
culture,  Transfer  l-A-587-.\,  was  broken  up  in  sterile  water  and  1.5  c.c. 
of  the  suspension  of  this  culture  was  inoculated  intramuscularly  into 
each  of  three  hogs,  Nos.  612,  613,  and  614.  Hogs  612  and  614,  after  eight 
days'  incubation,  developed  symptoms  of  hog  cholera.  After  a  few  days 
the  disease  assumed  the  chronic  form.  The  animals  lost  their  normal 
appetite,  and  during  a  period  of  about  three  weeks   following  the  initial 
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June    2.     Intramuscular  injection  1.5  c.c.  suspension  Culture  Transfer  1-587. 

June  10.     Symptoms  appeared. 

June  10-July  1.     Chronic  case  of  cholera. 

Fuiy     4.     (Jondition  improved. 

July   l.'i.     Animal  had  lit-en  lighting  with  strange  hogs. 

July  22.      Kcleascd  as  healthy  immune. 


569 


570 

Hog  613. 
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June    3.     Intramuscular  injection  of  1.5  c.c.  suspension  Culture  Transfer  1-587. 
June  10.     Symptoms  appeared. 
June  IG-July  2.     Subacute  type  of  cholera. 
July     2.     Animal  moribund,  killed  and  examined. 
Typical  lesions. 

symptoms  became  somewhat  emaciated.  On  the  fifth  week  after  the 
inoculation  of  the  animals  rapid  convalescence  took  place  and  they  fully 
regained  normal  condition.  Both  animals  had  been  confined  with  choler'i 
hogs,  but  following  the  experiment  tliey  remained  healthy  and  were  re- 
leased as  active  immunes. 

Hog  613  developed  a  more  acute  furm  of  the  disease  than  Hoys  612 
and  614.  After  an  incubation  period  of  eight  days,  the  temperature  daily 
rose  and  maintained  an  elevation  of  approximately  106°  to  107°  for  a 
period  of  two  weeks.  During  this  time  Hog  613  manifested  the  usual 
symptoms  of  hog  cholera,  consisting  of  anorexia,  general  weakness  and 
malaise,  paralysis  of  hind  quarters,  emaciation,  and  constipation.  On 
July  2,  29  days  after  inoculation,  the  animal  was  killed;  on  examination, 
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June    \.  Inlr.iinnscnlar  iiijfctinti    l.Ti  c.c.  suspension  Culture  Transfer  1-578. 

June  Vi.  .Animal  "olT  feed." 

June  ]5-3(),  .Symptoms  of  chronic  type  of  choler.i. 

July     4.  (icncral  improvement  jiotcd. 

luly   15.  Animal  had  been  fightinK,  jilaceil  with  slrai-.RC  hons. 

July  22.  Kelcaseil   as  healthy  immune. 
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June  30.  Intramuscular   injection    of   10    c.c.    of  blood   of  Hog  612,   diluted    1:4 

Berkefeld   filtered. 

July   4-5.  High  temperature — may    have    been   due   to  excessively   hot   weather. 

July      8.  Symptoms    of    cholera. 

July  10-20.  Gradual    emaciation,    constipation,    anorexia,    and    malaise. 

July    21.  Gradual    return   of   appetite   and   slow   convalescence. 

July    29.  Apparently    recovered. 

July    30.  Animal    released    as    normal. 


and 


characteristic  lesions  of  hog  cholera  were  found.  The  heart  was  normal, 
the  lungs  were  congested  and  contained  areas  of  hepatization.  The  spleen 
was  enlarged,  soft,  and  friahle,  and  engorged  with  blood.  The  kidneys 
were  petechiated.  The  mesenteric  and  lymphatic  glands  were  enlarged 
and  hemorrhagic,  and  the  congested  mucosa  of  the  cecum  contained  small 
ulcerated  patches  near  the  ileocecal  valve.  Spirochccta  siiis  was  present 
in  the  ulcers. 

This  experiment  was  controlled  in  the  manner  explained  in  the  de- 
scription of  the  inoculation  of  Hog  559  with  original  culture.  Normal 
hogs  were  kept  in  the  stable  under  the  same  conditions  as  were  these  ani- 
mals.   Hogs  612  and  614,  which  survived  the  experiment,  possessed  active 
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June      21.    Intramuscular   injection   of   12    c.c.   of  blood   of   Hog  613,   diluted   1:4,  and 

Berkefeld   filtered. 
July    21.     Gradual   return   of  appetite   and   slow   convalescence. 
June      27.     Symptoms    appeared. 

July    1-15.    Animal   very   weak,   emaciated,   constipated,   anorexia,   and    malaise. 
July       20.     Some    improvement    noted. 


immunity,  as  was  demonstrated  by  the  fact  that  they  were  placed  with 
hogs  sick  with  cholera  two  weeks  before  being  released. 

During  the  period  of  infection  a  sample  of  blood  was  obtained  from 
the  tail  of  each  of  Hogs  612,  613,  and  614,  used  in  the  experiment  above 
in  testing  the  pathogenicity  of  Transfer  1-587-A.  These  samples  were 
defibrinated,  diluted  1  :4  in  sterile  water,  and  passed  through  the  Berke- 
feld  filter.  Ten  cubic  centimeters  of  the  diluted,  Berkefeld-filtered  blood 
from  Hogs  612,  613,  and  614  were  injected  intramuscularly  into  Hogs 
620,   617,   and   621';    respectively. 

Hog  620,  which  received  the  Berkefeld-filtered  blood  serum  from 
Hog  612,  developed  symptoms  of  cholera  eight  days  after  inoculation. 
This  case  assumed  the  chronic  type  extending  over  two  weeks'  time,  after 
which  the  animal  gradually  became  convalescent. 

Hog  617,  which  received  the  Berkefeld-filtered  blood  from  Hog  613 
(the  animal  which  developed  the  most  acute  form  of  the  disease  of  the 
three  cases  described  above),   showed  unmistakable  signs  of  hog  cholera 
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June  30.     Intramuscular   injection   of    10   c.c.   of  blood   of  Hog  614,   diluted   1:4,   ruid 

Bcrkefeld    filtered. 
July  6-9.     Animal  not  normal,  appetite  poor,  general  malaise. 
July    10.     Condition    improved. 
July    14.     Condition    normal. 
July    25.     Released   as   healthy    immune. 


about  six  days  after  inoculation.  The  course  of  the  disease  in  this  animal 
was  of  the  chronic  type  and  death  occurred  two  months  after  inoculation. 

Hog  621,  inoculated  witii  tiic  Berkefeld-filtered  scrum  of  Hog  614, 
showed  mild  symptoms  of  cholera  eight  days  after  inoculation.  After 
being  slightly  "off  feed"  for  two  or  three  clays  the  animal  regained  its 
normal  condition. 

After  tlic  conclusion  of  this  experiment,  Hogs  620  and  621  were  con- 
fined for  several  weeks  in  an  infected  enclosure  with  cholera  pigs.  No 
evidences  of  disease  developed,  thus  establishing  the  fact  that  the  animals 
possessed  active  imminiity. 

On  July  1  one  of  the  transfers,  which  was  made  from  Strain  57,  and 
which  had  been  kept  in  tiie  incubator  since  the  time  of  inoculation,  May 
5,  was  siihniittcd  to  dark  field  examination.  It  was  foiuul  that  the  culture 
contained  very  few  organisms  which  could  he  recognized  as  si)irociietes, 
but  many  granules  were  present  and  the  small  amount  of  contamination 
consistecl  of  a  micrococcus.  Tiiis  culture,  which  had  been  incubated  for 
a  period  of  57  days,  was  designated  "Transfer  1-587-H,"  and  two  hogs, 
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Hog  622. 
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July         2.     Intramuscular  injection   of  10  c.c.   unfiltered  suspension  of  positive  culture 
No.   587   (May  5,   1913)  — (July  2,   1913). 

July      7-8.     Appetite   poor,   general   malaise,   feces  normal. 

July         9.     Apparently    normal. 

July       22.     Exposed  to   hog  cholera;    placed   with  sick  animals  and   injected  intramus- 
cularly with   2   c.c.   of   virus   from   Hog   631. 

July       29-August  2.     Symptoms    of  paralysis   and   chorea.     Appetite   fairly  good.     Ani- 
mal   not    emaciated. 

August    3.     Animal  found  dead  and  examined. 

Typical    lesions    of   hog   cholera   absent;    intestinal   mucosa   normal.      Culture   made 

from  edematous  fluid  of  muscular  tissue  shows  Str.  pyogenes  present. 


Hog  623. 
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July     2.     Intramuscular  injection   of   10  c.   c.  unfiltered  suspension  of   positive  culture 
No.    587    (May    5,    1913)  — (July    2,    1913). 

July  7-8.     Appetite   poor,   general   malaise,    feces    normal. 

July     9.     Apparently   normal. 

July  22.     Exposed    to    hog    cholera;    placed    with   sick    animals   and    injected    intramus- 
cularly  with  2  c.c.   of  virus  from  Hog  631. 

July  29.     Animal  showed  symptoms  of  paralysis  and  chorea.     Could  not  walk. 

July  30.     Found    dead    and    examined. 

Mucous  membrane  of  small  and  large  intestine  congested.     No  ulcers  present 
in  cecum. 
Typical   lesions   of   cholera   absent. 
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Nos.  622  and  623,  ^ver(,  each  injected  intramuscularly  with  10  c.c.  of  the 
suspension  of  this  culture  in  sterile  water.  Six  days  after  the  inocula- 
tion of  these  animals  they  showed,  in  addition  to  slight  temperature 
changes,  mild  symptoms  of  illness.  The  appetite  was  poor  and  the  ani- 
mals were  inclined  to  be  listless  and  inactive.  After  about  two  days  of 
inactivity  and  loss  of  appetite,  they  again  resumed  a  normal  condition  and 
continued   so   until   exposed  to   cholera. 

On  July  22  these  animals  were  exposed  to  the  disease  by  inoculation, 
natural  exposure,  and  access  to  carcass  of  hog  dead  from  cholera.  On 
July  28  both  hogs,  Nos.  622  and  623,  developed  symptoms  of  paralysis  and 
chorea.  On  Jul}^  29  Hog  623  was  found  dead  and  autopsy  did  not  show 
lesions  of  hog  cholera.  Dark  field  examination  of  the  mucosa  of  the 
cecum  failed  to  show  any  spirochetes.  Hog  622  on  July  30  showed  a 
moderate  rise  in  temperature,  but  did  not  lose  appetite  or  manifest  other 
symptoms  of  cholera.  The  right  front  leg  became  enormously  swollen. 
On  August  3  Hog  622  was  found  dead.  Xo  characteristic  lesions  of  hog 
cholera  were  present  and  cultures  made  from  the  serous  fluid  in  the 
swollen  leg  developed  Str.  pyogenes.  Several  preparations  were  made 
from,  the  mucosa  of  the  cecum  and  were  submitted  to  dark  field  exam- 
ination with  negative  results. 

On  account  of  the  absence  of  typical  symptoms  and  lesions  of  hog 
cholera,  also  the  course  of  the  disease  in  the  control  animal  (see  notes 
below  on  Hog  641)  and  the  presence  of  Str.  pyogenes  in  the  edematous 
tissue  of  Hog  622,  it  seemed  probable  that  Hogs  622  and  623  died  from 
infection  olhei    tlian   hog  cholera. 

HI.     Tk.wskkk  2.     'I'liiRD  Gkxkuatiox  o.m  .\RTirici.\L  AIedia. 

On  May  27  a  number  of  transfers  were  made  from  Culture  Transfer 
1-587-A.  These  cultures  were  incubated  under  anaerobic  conditions  from 
May  27  to  July  2,  when  they  were  removed  from  the  incubator  and  exam- 
ined by  the  dark  field  method.  One  of  these  transfers,  designated  "Trans- 
fer 2-587-A,"  contained  very  little  contamination  represented  by  one  spe- 
cies of  micrococcus,  and  while  only  a  few  spirochetes  could  be  found 
scattered  through  the  medium,  the  culture  contained  many  granules. 
This  culture,  Transfer  2-587-A,  was  macerated  in  sterile  water,  and  on 
July  3  Hogs  627  and  628  were  each  inocidated  intramuscularly  with  10 
c.c.  of  the  suspension  of  this  transfer.  Five  days  after  inoculation  both 
of  these  animals  showed  indications  of  indisposition.  From  July  8  to 
July   12,  the  appetite  was  poor  and   tlie  animals   wen.-   inactive.      On  July 

14  the  condition  of  botii  hogs  was  mucli  impr<)\ed,  and  on  July  16  both 
were   pronounced  ai»parently   healthy. 

On  July  22  these  animals  were  exposed  to  hog  cholera  in  the  same 
manner  as  Hogs  622  and  623,  described  above.  After  seven  days'  incu- 
bation both  animals  develoi)cd  .symptoms  of  cholera.  Hog  627  suc- 
cumbed to  the  disease  22  days  after  exposure.  Hog  628,  after  suffering 
from  the  disease  in  chronic  form,  gradually  became  convalescent  and  on 
September  1  was  released.  Both  animals  showed  greater  resistance 
and  maintained  a  better  clinical  condition  than  did  the  control   Hog  641. 

On  July  11,  during  the  i)eriod  in  which  Ilog  628  was  showing  a  gen- 
eral reaction  from  the  injection  of  Transfer  2-587-A,  a  few  cid)ic  centi- 
meters of  blood  were  drawn  from  the  tail,  defibrinated,  diluted  1  :4  in 
sterile  water,   and   filtered   through   a  bacteria-proof   J]erkifeld.     (Jn  July 

15  Hug  635  received  intramuscularly  5  c.c.  of  the  Ik-rkefeld-fillered  serum, 
diluted  1:4,  of  Hog  628.  This  animal  showed  nuld  symptoms  five  days 
after  inoculation  and  soon  dfvelo|)ed  hog  cholera  of  the  subacute  type. 
l-"our  weeks  after  inoculation  Hog  635  was  found  dead.  Autopsy  revealed 
typical   lesions. 
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On  Tulv  24  Hogs  642  and  643  each  received  intramuscularly  5  c.c.  of 
suspension  'in  physiologic  salt  solution  of  Culture  Transfer  5-587-B.  Eight 
days  after  inoculation  both  animals  manifested  symptoms  of  mild  cholera. 
Thev  continued  to  show  inactivity,  anorexia,  arched  back,  mild  blepha- 
ritisi  and  roughened  coat  for  a  period  of  five  days,  after  which  they 
apparentlv  regained  a  normal  condition,  which  was  followed  by  a  recur- 
rence in  the  case  of  both  Hogs  642  and  643,  in  seven  and  twelve  days, 
respectively.     Both    cases   terminated    fatally. 


Hog  627. 
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July         3. 

July    8-12. 
July       12. 

14. 

If.. 

22. 

23. 

29. 


July 
July 
July 
July 
July 

August  13. 


Intramuscular    injection   of   10  c.c.    unfiltered  suspension  culture  No.   5S7 

(May   27,    1913)— (July   3,    1913). 

Poor   appetite,   inactive,   eyes   dull. 

Nervous    symptoms. 

Condition   improved. 

Animal    apparently    normal. 

Intramuscular   injection   2   c.c.    Virus   Strain    631. 

Had  been  fighting  with  strange  hogs. 

Animal     suffering    from    a    relapse,     increasing    emaciation;     symptoms    of 

acute  type   of   cholera. 

Animal  dead. 

lungs,    kidney,    lymphatic 


Typical    lesions    of    hog    cholera,    subcutaneous    tissue 
glands,  cecum. 


IV.     Filtered  Cultures. 

fa)  Transfer  /—Transfer  1-587-B,  described  above,  a  suspension 
of  which  was  inoculated  into  Hogs  622  and  623,  was  also  utilized  in  fil- 
tration experiments,  which  were  first  suggested  by  our  colleague.  Dr.  N. 
S.  P'crry.  This  culture,  which  bad  been  incubated  for  a  period  of  5/ 
days,  after  being  macerated  in  sterile  water  in  the  proportion  of  one 
part  culture  to  ten  parts  water,  and  thoroughly  shaken  for  about  one 
hour,  was  passed  through  a  Bcrkcfcld  filter.  The  filter  used  was  a  bac- 
teria-proof Bcrkcfeld  filter,  pressure  less  than  one  atmosphere,  time  of 
filtration  aljoiit  20  minutes,  and  volume  of  filtrate  about  15  c.c.  Cultures 
from  tills  filtrate  were  made,  both  aerobically  and  anaerobically,  and  no 
bacterial  growth  resulted.  Dark  field  examination  of  the  filtrate  revealed 
only  rclativelv  few  granules.  Hogs  624  and  625  on  July  3  each  received 
intramuscularly  10  c.c.  of  filtered  culture,  Transfer  1-587-B,  diluted  1:10 
in  sterile  water.  Five  days  after  inoculation  both  of  these  animals  gave 
evidences  of  illness.  From  July  8  to  July  10,  the  ai)petitc  was  poor,  eyes 
dull,  and  animals  listless.  On  July  11  the  condition  of  both  hogs  was 
improved,   and   on   July   16  they   were   apiiarcntly  healthy. 
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These  hogs,  Nos.  624  and  625,  were  exposed  with  control  Hog  641 
(see  p.  578),  by  inoculation  and  by  natural  exposure.  Three  days  after 
exposure  Hog  624  showed  evidences  of  illness,  apparently  due  to  gas- 
tritis and  autointoxication,  resulting  from  the  ingestion  of  pus  from  an 
infected  carcass.  After  a  few  days  this  animal  fully  recovered  and  exhib- 
ited  a    thrifty   condition   throughout    the    experiment,    thus    proving   the 

Hog  628. 
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Hog  628   {continued). 
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July  3.     Intramuscular   injection   of   10  cc.    unfiltered  suspension  culture   No.   587 

(May    27,    1913)  — (July    3,    1913). 
July        8-13.     Inactive,    anorexia. 
July  15.     Animal   apparently  normal. 

July  22.     Intramuscular    injection    2    cc.    Virus    Strain   031. 

July  30-August  5.     Symptoms   of  chronic   type   of  cholera. 
August         6.     Emaciated    and    growing    progressively    weaker. 
September  1.     Animal   normal,   recovered  and   released. 


existence  of  active  immunity.  Hog  625  showed  scarcely  any  reaction  as 
the  result  of  the  exposure,  and  was  considered  as  being  actively  immu- 
nized  by  the   filtered   Culture   Transfer   1-587-B. 

On  July  9,  during  the  reaction  following  inoculation  with  filtered  cul- 
ture, a  specimen  of  blood  taken  from  the  tail  of  Hog  625  was  defibri- 
nated,  diluted  1  :4  in  sterile  water,  and  filtered  through  the  Berkefeld 
filter.  On  July  15  Hog  634  received  intramuscularly  5  cc.  of  the  diluted, 
filtered   blood   from   Hog  625.      Five  days   after   inoculation   of  Hog  634 
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Hog  64L 


Hog  G42. 
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July       24.     Intramuscular    injection     of 

2    c.c.    virus. 
July       29.     Typical    symptoms    of    hog 

cholera. 
August    5.     Animal   died. 

Lesions:  lungs,  areas  of  hepatization; 
spleen,  enlarged,  soft  and  friaMe,  en- 
gorged with  blood;  kidneys,  petechiated; 
lymphatic  and  inguinal  glands,  enlarged 
and  hemorrhagic;  cecum,  mucosa  con- 
gested, small  ulcers  near  ileocecal  valve. 
Sfiiocluita    siiis    present. 


Tulv  24.  Intramuscular  injection  5  c.c.  physiologic  salt 
suspension  Culture  5S7  (May  27,  1913)  — 
(July  20,  1913),  Berkefeld  filtered. 

August  1.  Symptoms  of  anorexia;  malaise,  slight  bleph- 
aritis. 

August    5.     Animal   normal. 

August  10.  Temperature  normal,  though  the  appearance 
was    not   normal. 

August  14.  Indication  of  relapse;  typical  symptoms  of 
cholera. 

August  18.     Animal    found    dead. 

Typical    lesions    of    hog   cholera;    subcutaneous    tissue, 

heart,    lungs,    spleen,    kidney,    lymphatic    system,    cecum; 

St^iroch(tta  siiis  present. 


Hoc  G35. 
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July        Ifi.      Intraiiuiscular    injection    of    ">   c.c.    I)l(i(>(l    serum    of    Hog   028,    diluted    1:4, 

and    ncrkefchl    (iliercd. 
July  20-22.    Animal    "otT    feed,"    dull,    inactive. 
July       24.     Condition  improved;  appetite  poor. 
July  29-August  0.     Symptoms  of   subacute   type    of   cholera. 
.August    0.     Nearly   moribund. 
August  11.     Animal    died. 

Typical    lesions    of    Imk   cholera:    luiigs,    heart,    siiKeii,    kidney,    cecum,    and    lymph 
glatuls. 
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Hog  643. 
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July       2-4.  Intramuscular   injection    5    c.c.    physiologic   salt   suspension    Culture   CS7 

(May   27,    1913)  — (July   20,    1913),    Berkefeld   filtered. 
August    1.  Symptoms  of  anorexia,   malaise,   slight  blepharitis. 

August    5.  Animal   normal. 

August  lp-17.     Animal    apparently   normal. 
August  23.  Typical   case   of   hog  cholera, 

August  26.  Animal   found    dead. 

Typical  lesions  of  hog  cholera:  heart,  lungs,  spleen,  kidney,  lymphatic  glands, 
subcutaneous  tissue,  and  cecum. 

the  temperature  rose  two  degrees,  the  animal  was  "off  feed"  and  became 
constipated.  This  animal  developed  cholera  of  the  subacute  type  and  was 
found  dead  about  four  weeks  after  inoculation. 

(b)  Transfer  2. — Culture  Transfer  2-587-A,  described  above,  on  July 
2  was  filtered  and  treated  in  exactly  the  same  manner  as  described  con- 
cerning the  Berkefeld  filtration  of  Culture  Transfer  1-587-B.  Transfer 
2-587-A  had  been  grown  in  the  incubator  for  36  days.  On  July  3  Hogs 
629  and  630  were  each  injected  intramuscularly  with  10  c.c.  of  Culture 
Transfer  2-587-/\,  diluted  1  :10,  and  filtered  through  bacteria-proof  Berke- 
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Intramuscular   injection   of    10   cc.   Culture   C87    (May   5,    1013)  — (July   2, 

1913),   (liluled   1:10,   and    Hcrkcfchl    filtered. 

Anorexia,   dull,  listless. 

Condition    improved. 

Animal   apparently    normal. 

Jntramuscular   injection   2   c.c.   Virus    Strain   631. 

Animal    had    l)ccn    fighting   with   strange    hogs. 

Animal   tuirmal.      Released. 
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July  3.     Intramuscular   injection   of   10   c.c.    Culture   587    (May    5,    1913) — (July   2, 

1913),  diluted  1:10,  and  Berkefeld  filtered. 
July      S-9.     Poor  appetite,   eyes  dull,   inactive. 
July       14.     Animal  apparently  normal. 

July       22.     Intramuscular    injection   2    c.c.    Virus    Strain    631. 
August    i.     Animal   released. 

feld.  About  eight  days  after  inoculation  both  animals  showed  unmis- 
takable symptoms  of  hog  cholera.  Hog  630,  however,  exhibited  a  milder 
case  than  Hog  629.  Eleven  days  after  inoculation  Hog  630  quickly 
regained  normal  condition,  rise  in  temperature  subsided  by  crisis,  and 
on  July  17  the  animal  was  pronounced  normal.  Subsequent  exposure 
with  control  Hog  641  (see  p.  482)  demonstrated  a  condition  of  active 
immunity.  Hog  629  developed  a  subacute  case  of  hog  cholera.  The 
course  of  this  disease  lasted  for  weeks.  This  animal  manifested  typical 
symptoms  of  the  disease,  and  after  July  12  the  more  important  symptoms 
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July       15.     Intramuscular  injection  of  5  c.c.  blood  serum  of  Hog  625,  diluted  1:4,  and 

Berkefeld   filtered. 
July  20-21.     Inactive,   poor  appetite,  somewhat  constipated. 
July       24.     Apparently  normal. 

July  27-August  5.     Symptoms    of    subacute    type    of   cholera. 
-•\ugust    6.     Nearly   moribund. 
August  12.     Animal   found   dead. 

Typical  lesions  of  hog  cholera  in  subcutaneous  tissue;   heart,  lungs,  kidney,  spleen, 
cecum,   and   lymph   glands. 
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July         3.     Intramuscular    injection    10    c.c.    filtered    Culture    587    (May    27,    1913)  — 

(July   3,    1913),    1:10,    Berkeleld   filtered. 
July         9.     Appetite   poor. 
July  10-20.    Symptoms    of    subacute    type    of    choleia:     anorexia,    blepharitis,    iiialaise, 

roughened   coat,    emaciation,   and   profuse   diarrhea. 
July       24.     Improvement  noted. 
July       28.     Relapse. 
August    6.     Nearly   moribund. 
August    7.     Animal  found  dead. 

Lesions:  heart,  ecchymosis  on  auricles;  lungs,  complete  consolidation;  spleen, 
enlarged,  soft,  friable;  hemorrhagic;  kidney,  few  pctechi.-e;  cecum,  ulcers,  near  ileo- 
cecal valve;  inguinal  and  other  lymph  glands,  enlarged,  hemorrhagic;  adhesions  of 
ascending  colon  to  jieritoneum;  extravasation  in  siiliciit:incous  tissue.  St'irochiCta  suis 
present. 
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July  3.      Intramuscular   injection   of   10  c.c.    filtered    Culture   .187    (May   27,    1913)  — 

(July   3,   1013),    1:10,   Ucrkcfcld   filtered. 

July         8.     I'oor  appetite. 

July  OH.  (icncr.il  inactivity,  poor  appetite,  no  apparent  emaciation  or  loss  of  gen- 
eral time. 

July        l.l.     Appetite   good. 

July        17.     Apparently    normal. 

July       31.      Animal    normal.      Released. 
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noted  were  anorexia,  malaise,  blepharitis,  emaciation,  and  roughened  coat. 
Hog  629  was   found  dead  on  August  7,   35  days  after  inoculation. 

As  a  control  on  this  experiment,  Hogs  629  and  630,  on  July  H,  were 
transferred  from  the  room  which  they  had  occupied  in  the  experimental 
stable  to  another,  and  after  disinfection  of  the  room  normal  Hogs  632 
and  633  were  immediately  placed  in  the  quarters  formerly  occupied  by 
sick  Hogs  629  and  630.  An  examination  of  the  dates  on  the  clinical 
charts  will  show  that  this  rearrangement  was  made  during  the  height  of 
the  disease  in  Hogs  629  and  630.  Hogs  632  and  633  were  subjected  to 
exactly  the  same  conditions  as  those  attending  the  care  and  treatment 
of  Hogs  629  and  630,  except,  of  course,  that  they  received  no  inoculation 
with  infectious  material.  These  control  animals  remained  perfectly  nor- 
mal in  every  way,  and  after  being  kept  as  controls  for  some  time  were 
utilized   in   experiments. 

Hogs  636  and  637  on  Jvdy  15  each  received  an  intramuscular  injection 
of  5  c.c.  of  the  defibrinated,  diluted,  and  Berkefeld-filtered  blood  serum 
of  Hogs  629  and  630,  respectively.     Both  of  these  animals  developed  typ- 
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Normal   hog. 


Normal  hog. 


ical  symptoms  of  hog  cholera  and  both  were  moribund  26  days  after 
inoculation.  Practically  the  only  difference  observed  in  their  clinical 
appearance  was  that  Hog  636,  which  had  received  the  filtered  blood  from 
Hog  629,  showed  more  severe  symptoms  of  the  disease  after  a  shorter 
incubation  period  than  those  manifested  in  Hog  637,  which  had  been 
inoculated  with  the  blood  from  Hog  630.  This  result  was  consistent,  as 
the  injection  of  the  filtered  culture  described  above  into  Hog  629  pro- 
duced the  subacute  type  of  hog  cholera, _  while  Hog  630,  after  a  marked 
reaction,  quickly  regained  normal   condition. 

In  order  to  make  the  present  experiment  more  complete  Hogs  639 
and  640  were  injected  each  intramuscularly  with  4  c.c.  of  suspension  of 
Culture  Transfer  2-587-B,  which,  after  53  days'  incubation,  had  been 
macerated  in  sterile  water,  diluted  1  :6,  and  subjected  to  filtration  through 
the   Berkefeld. 

From  the  fifth  to  the  ninth  day  following  inoculation  Hog  639 
showed  a  marked  reaction.  During  this  period  the  animal  was  somewhat 
inactive  and  had  poor  appetite.  Xine  days  after  inoculation  Hog  639 
regained  normal   condition. 

Hog  640  manifested  no  apparent  reaction  from  the  inoculation.  This 
was  regarded  as  an  indication  of  natural  immunity,  as  Hog  640  is  a  large 
brood  sow  and  is  probably  a  "natural  immune." 
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Hog  636. 


Hog  639. 
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July  15.  Intramuscular  injection  of  5  c.c.  blood  serum 
of  Hog  629,  diluted  1:4,  and  Berkefeld 
filtered. 

July       21.     Animal   "off  feed"  and  constipated. 

July  22-August  5.  Typical  symptoms  of  subacute  type  of 
cholera. 

August    6.     Animal    nearly    moribund. 

August  11.     Animal  killed. 

Typical  lesions  of  hog  cholera  in  lungs,  spleen,  kidney, 

cecum,  and  lymph  glands. 


July       19. 


July  24-28. 
July       29. 


Intramuscular    injection    of 

4  c.c.  suspension  Culture 
.'■>87  (May  27,  1913),  di- 
luted 1 :6,  and  Berkefeld 
filtered. 

Anorexia,    inactivity. 

Normal. 


Hoc  640. 


Hog  637. 


_..» 

ii 

913.      JULY.                                             AUGUST.                  | 

... 

t 

1 
20 

2 

2! 

3 

22 

4 
t3 

6 
24 

6     1 
262 

b 
C27 

9 

2e 

10 
29 

11 

X 

12 

13 
1 

14 
2 

U. 
? 

16 
4 

17 
6 

lb 
6. 

5      ' 
i      " 

5    - 

- 

- 

- 

... 

_ 

^ 

/ 

^ 

/ 

\ 

\ 

/ 

'^. 

— 

r- 

- 

- 

- 

- 

- 

_ 

__ 

_ 

_ 

_ 

_ 

_ 

^_ 

_ 

— -—       1913.      J'JIY. 

AUGUST 

i      E3466     7    891011    12  13 

It  li.  il  if.  iS  2S  iX  ii  ii  lA  Si  ii  27  £fl 

14^!^  16   17  le  19  20  Zl  22  g3t4  26  26  27 

5     '        -.rs'"^-     J 

^7/s.,             X 

V         >      ^    fv    u 

.^N^\j 

?* 

a     ■■' 

1  - 

»• 

•r 

July  10.  Iiilramuscular  injection  of 
4  c.c.  suspension  ("ulture  "iS7 
CMay  27,  1913),  diluted  1:6, 
and  Berkefeld  filtered. 


July  15.  Intramuscular  injection  of  5  c.c.  blood  serum 
of  Hog  030,  diluted  1:4,  and  Berkefeld 
filtered. 

July       21.     Appetite    poor;    constipated. 

July  22.  Anorexia,  constipation  and  diarrhea,  weak- 
ened   conilitioM,    etnacialion. 

August    0.     Animal    nearly    moribund. 

August  12.     Animal    killed. 

Typical    lesions    of    hog   cholera;    lungs,    kidney,    lymph 

glaiKls,    mucosa    of    cecum    congested. 
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V.    Unsuccessful  Inoculations  with   Cultures,   Control  on  Positive 

Results. 

(a)  Strain  57(5.- — Hog  576  on  March  20  was  inoculated  intramuscu- 
larly with  5  c.c.  of  hog  cholera  virus,  strain  Kansas  III.  This  animal 
developed  typical  symptoms  of  cholera,  and  being  moribund  18  days  after 
inoculation,  was  bled  and  examined.  The  ordinary  lesions  of  hog  cholera 
were  present  and  the  material  from  the  ulcers  in  the  cecum,  when  exam- 
ined by  the  dark  field  method,  showed  num.erous  spirochetes  and  spirilla 
of  various  forms.  From  this  material  in  the  ulcers  cultures  were  made, 
and  after  three  days'  incubation  some  of  these  cultures  were  submitted 
to  dark  field  examination.  On  account  of  the  fact  that  some  large  forms 
of  spirochetes  were  present,  which  at  that  time  were  regarded  as  possibly 
the  same  form  which  had  repeatedly  been  found  in  the  blood  of  cholera 
hogs.  Culture  576-A  was  macerated  in  physiologic  salt  solution  and  5  c.c. 
inoculated  intravenously  into   Hog  584. 
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March  20.     Intramuscular     injection     of     5        April  11.     Intravenous  injection  of  5  c.c. 
c.c.    Kansas   III   virus.  physiologic      salt     suspension, 

March  29.     Animal      not      eating,      general  Culture   576. 

symptoms   appearing. 

April       4.     Animal   weak. 

April      S.     Moribund,    bled    from    the   caro- 
tid  artery. 
Typical     lesions:      lungs,     heart,     spleen, 

lymph   glands;   ulcers  in  cecum. 

Hog  584,  which  received  Culture  576-A,  showed  a  slight  thermal 
reaction  on  x^pril  18,  seven  days  after  injection  with  the  culture.  Again, 
on  April  21,  the  temperature  rose  two  degrees.  These  thermal  reactions 
were  possibly  due  to  the  presence  of  a  variety  of  contaminating  organ- 
isms in  the  suspension,  as  no  clinical  symptoms  were  apparent  in  the 
animal.  On  April  25  the  animal  was  released  as  normal  and  subsequent 
inoculation  with  hog  cholera  serum  showed  that  Hog  584  was  susceptible 
to  the  disease. 

From  the  original  culture,  576-A,  transfers  were  made  on  April  11 
and  incubated  under  anaerobic  conditions.  Transfer  1-576-A,  six  days 
after  inoculation,  on  being  submitted  to  dark  field  examination,  showed 
the  presence  of  relatively  large  spirochetes,  similar  to  those  which  bad 
been  found  in  the  original  culture,  576-A.  Therefore,  Transfer  1-576-A 
was  suspended  in  physiologic  salt  solution  and  2.5  c.c.  of  the  suspension 
injected  intravenously  into  Hog  585  on  April  14.  Five  days  after  inocu- 
lation the  animal  showed  an  irregular  temperature  ranging  between   102" 


586 

and  103",  and  this  variation  in  thermal  condition  was  present  for  several 
days  following.  However,  no  symptoms  of  hog  cholera  were  apparent 
and  it  was  concluded  that  the  fluctuating  temperature  was  possibly  due 
to  the  injection  of  contaminating  organisms  which  were  present  in  Trans- 
fer 1-576-A.  The  animal  was  finally  released,  and  on  being  injected  later 
with  horse  serum  virus,  hog  cholera  was  produced  and  death  eventually 
resulted. 

(b)  Strain  560. — On  February  14  Hog  560  received  5  c.c.  of  Kansas 
III  virus  intramuscularly.  Six  days  after  inoculation  the  animal  devel- 
oped symptoms  of  acute  cholera,  and  after  a  duration  of  the  disease  for 
five  days,  being  moribund,  was  bled  and  examined.  Typical  lesions  of 
cholera  were  found  on  autopsy.  Numerous  spirochetes  of  various  forms 
were  found  in  the  necrotic  material  contained  in  the  ulcers  of  the  cecum. 
Inoculations  into  culture  media  were  made  in  the  usual  way,  and  after 
five  days'  incubation  one  of  these  cultures,  designated  as  "Culture  560-A," 
after  being  examined  on  the  dark  field,  was  found  to  contain  a  growth 
of  spirochetes.  Contamination  with  various  forms  of  bacteria  and  cocci, 
however,  was  present.  In  an  attempt  to  eliminate  as  much  of  this  con- 
tamination as  possible,  Culture  560-A  was  transferred  into  various  culture 
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April  H.  Intravenous  injection  of  2.5 
c.c.  physiological  salt  suspen- 
sion, Transfer  1,  Culture  57C. 


March  15.         Ulood   normal. 

Marcli  15-2J.    Animal   normal. 

M.-ircli  24.  Intravenous   injection  of  2  c.c.   pliysiological 

salt  suspension,  Culture  1,  Transfer  2,  I'or- 
;nol   (March   .S.    l<.)i:i),    IIck   r>(jO. 

March  ;il.  .Nnimal    normal. 

.\liril       .'!.  Animal    a    little    "olT    fceii." 


media  containing  different  chemicals,  for  the  purpose  of  exerting  slight 
germicidal  action  and  the  possible  inhibition  of  the  extraneous  organisms. 
On  March  24,  after  21  days'  incubation.  Transfer  l-560-.\,  which  had 
l)ccn  made  in  a  liorsc  serum  mcditim  containing  a  small  percentage  of 
formal,  was  found,  on  dark  field  examination,  to  contain  a  few  spiro- 
chetes, l)iit  no  granules  were  observed.  Two  cubic  ceutinuters  of  a 
physiologic  salt  stispcnsion  of  Transfer  l-500-.\  were  inoculated  intra- 
vcnotisly,  March  24,  into  Hog  571.  '\'\\\<<  animal  showed  no  apparent 
result  following  the  inoculation  of  this  culture,  except  for  a  slight  reac- 
tion which  occurred  during  the  eighth  and  ninth  days  after  the  inocula- 
tion. Subsequent  injection  of  Hog  571  with  iiorsc  sennn  virus  resulted 
in  the  death  of  the  animal    from   hoi.;  cholera   of  the  acute  type. 
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This  includes  all  of  those  experiments  which  proved  unsuc- 
cessful, and  serve  as  admirable  controls  on  the  results  given.  It 
will  be  noticed  that  the  unsuccessful  experiments  included  under 
the  last  heading  were  conducted  during  the  months  of  March  and 
April.  At  that  time  it  had  not  been  definitely  determined  that 
the  crvpts  of  the  ceca  of  normal  hogs  may  contain  spirochetes 
and  spirilla.  In  so  far  as  ,our  observations  go,  these  organisms 
are  usually  relatively  large  and  altogether  unlikely  to  be  related 
to  the  form  which  we  have  designated  as  SpirocJucta  siiis,  the 
latter  being  found  in  the  intestinal  ulcers  and  the  external  local 
lesions  of  cholera  hogs.  No  doubt,  the  small  spirochete  described 
in  the  first  part  of  this  paper  as  Spirochcrfa  siiis  was  present  in 
the  ulcers  of  Hogs  576  and  5G0,  this  material  being  used  in  the 
inoculation  of  the  cultures  described  under  the  present  heading. 
However,  all  of  the  inoculations  into  hogs,  of  cultures  from  these 
two  strains,  were  made  after  a  comparatively  short  period  of 
incubation.  This  explains  the  failure  to  produce  positive  symp- 
toms of  hog  cholera  with  the  cultures,  as  our  later  results  reported 
above  indicate  that  it  is  necessary  to  incubate  the  cultures  for  sev- 
eral weeks  in  order  to  grow  Spirochcctce  suis. 

The  most  important  bearing,  however,  of  these  unsuccessful 
attempts  to  produce  the  disease  with  the  cultures  noted  under  the 
last  heading  pertains  to  the  control  which  they  give  on  the  results 
described  in  the  preceding  pages.  The  foregoing  positive  results 
from  inoculations  of  filtered  and  unfiltered  cultures  of  Sp'iro- 
chccta  suis  are  lacking  in  one  detail.  Without. some  means  of 
controlling  the  results,  it  might  be  logically  assumed  that  those 
animals  which  had  received  hog  cholera  from  the  injection  of  cul- 
tures and  transfers  did  so  as  the  result  of  the  injection  of  a 
small  amount  of  original  virus,  which  possibly  might  have  been 
transferred  through  the  cultures.  This  we  know  to  be  untrue 
because  of  the  failure  to  produce  hog  cholera  in  animals  inocu- 
lated with  cultures  and  transfers  from  Strains  57 (i  and  500.  Posi- 
tive results  followed  the  inoculation  of  Hog  559  wnth  the  original 
culture,  551-A,  which  had  an  incubation  period  of  only  five  days. 
The  results  may  have  been  due  to  some  of  the  original  virus  hav- 
ing been  transferred  to  the  animal  through  culture.  However,  we 
believe  that  the  succeeding  results  are  sufficiently  controlled  by  the 
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facts  that  Hog  584  failed  to  develop  hog  cholera  after  inoculation 
with  Culture  576-A,  and  that  Hogs  571  and  585  did  not  respond 
to  the  injection  of  Transfers  1-576-A  and  1-660-A,  respectively. 

CONCLUSIONS. 

Spirochccta  suis  is  an  organism  found  in  the  intestinal  ulcers, 
crypts  in  the  ceca,  and  external  local  lesions  of  animals  suffering 
from  hog  cholera.  It  is  a  typical  spirochete,  simulating  in  many 
characteristics  Spirochceta  pallida,  Spirochcsta  gallindruin,  and 
other  forms  whose  morphology  and  life  history  are  becoming 
better  understood.  Spirochceta  suis  appears  to  be  capable  of 
breaking  up  into  granules,  and  these  granules  may  play  an  im- 
portant part  in  the  life  cycle  and  physiological  functions  of  the 
organism.  They  are  present  in  the  blood  of  cholera  hogs  in 
cultures  of  Spirochceta  suis,  and  are  capable  of  producing  the 
disease  in  healthy  hogs. 

In  the  blood  of  hogs  suffering  from  cholera  the  presence  of  a 
rclati\elv  large  spirochete  in  few  numbers  has  been  recognized 
As  this  organism  has  not  been  found  in  the  l:)lood  of  normal  hogs 
it  may  represent  Spirochceta  suis  in  a  transitional  form.  Its 
morphological  variation  from  Spirochceta  suis,  as  found  in  ulcere 
and  local  foci,  may  be  due  to  the  unfavorable  action  of  blood 
as  a  medium  or  to  its  natural  processes  as  a  part  of  the  life  cycle 
of  the  species. 

Spirochceta  suis  is  an  obligatory  anaerobic  organism  and  usu- 
ally requires  several  w-eeks'  incubation  for  growth  to  take  place 
on  artificial  culture  medium.  It  may  be  transferred  from  genera- 
tion to  generation  on  artificial  culture  medium.  Cultures  contain- 
ing the  organism  in  the  form  of  granules  and  spirochetes  may  be 
passed  through  bacteria-proof  filters  and  the  spirochetes  removed, 
the  few  small  granules  which  pass  through  being  capable  of  pro- 
ducing hog  cholera  or  resistance  to  the  disease. 

Spirochceta  suis  is  capable  of  producing  typical  hog  cholera 
when  injected  into  healthy  hogs.  This  is  true  not  alone  of  con- 
taminated cultures  made  directly  from  the  intestinal  ulcers  of 
cholera  hogs;  second  and  third  generations  on  artificial  culture 
media,  containing  the  Spirochceta  suis,  as  well  as  the  BerkefeM 
filtrates   of   the   same   transfers,   are   capable   of   iirnduring   hog 
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cholera  and  marked  reactions,  which  confer  more  or  less 
protection  against  the  disease.  The  pathogenicity  of  these  cul- 
tures does  not  appear  to  be  due  to  the  passage  of  an  unknown 
"invisible  microorganism"  which  is  finally  transmitted  to  healthy 
hogs  by  inoculation.  Control  experiments  tend  to  show  that  the 
pathogenicity  of  the  cultures  of  Spirochcrta  suis  is  due  to  the 
species  itself  in  the  form  of  spirochetes  or  granules. 

Finally,  in  those  hogs  which  receive  the  disease  from  cultures 
of  Spirochceta  suis,  the  organism  is  present  in  the  intestinal 
lesions  or  local  external  lesions,  as  demonstrated  by  the  dark  field 
examination. 

From  the  above  results,  which  have  practically  fulfilled  Koch's 
laws,  in  so  far  as  it  is  possible  with  an  organism  possessing  the 
biological  characteristics  of  spirochetes,  it  may  logically  be  con- 
cluded that  Spirochceta  suis  is  more  nearly  established  as  the 
specific  cause  of  hog  cholera  than  any  other  known  organism. 

76.'il7 


